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OVERSIGHT ON U.S. HIGH TECHNOLOGY EXPORTS*

TUESDAY, MAY 16, 1978

U.S. SENATE,
ComMmrITTEE ON BANKING, HoUSING, AND URBAN AFFAIRS,
AND CoMMITTEE 0N COMMERCE, SCIENCE AND TRANS-
PORTATION ; SUBCOMMITTEE ON INTERNATIONAL FI-
NANCE AND SUBCOMMITTEE ON SCIENCE, TECHNOLOGY,
AND SPACE,
: Washington, D.C.
The subcommittees met jointly at 10 a.m. in room 5302, Dirksen
Senate Office Building, Senator Adlai Stevenson (chairman of both
subcommittees) presiding.
Present: Senators Stevenson, Proxmire, and Schmitt.

OPENING STATEMENT OF SENATOR STEVENSON

Senator STEvENsoN. The meeting will come to order.

This is a joint hearing of the Senate Subcommittee on Inter-
national Finance and the Subcommittee on Science, Technology, and
Space. The work of these two subcommittees intersects today. One
has been studying industrial innovation in the United States—that’s
the Science, Technology, and Space Subcommittee—and the other
has been conducting a lengthy study of U.S. competitiveness and ex-
port policy, and in the course of these studies we have concluded that
one of the principal factors to be considered in connection with the
competitiveness of the United States is industrial innovation.

The United States has led the world for decades in exports of
products based upon advanced technology. To a larger degree than
18 commonly understood, U.S. competitiveness is dependent upon
more technological innovation than foreign countries have achieved.

Our technological lead has been derived from research and de-
velopment supported at high levels by both industry and Govern-
ment, but the situation is changing. It has already changed greatly.
Government support for R. & D.—research and development—has
dropped off. Private expenditures have stagnated.

Other countries have escalated their outlays for R. & D. and are
becoming competitive across the board. Now the traditional U.S.
trade surplus in manufactures has become a deficit, and the value of
agricultural exports has declined in part perhaps because other
countries have applied our R. & D. in the production of food to a
greater extent. There are many factors, of course, involved in U.S.

1Thig is part 7 of an elght part serles of hearings on U.S. exnort performance and export
policy held by the Subcommittee on International Finance. The hearings form part of a

subcommittee study which will serve as a basis for recommending action needed to insure
the competitiveness of U.S. agriculture and industry in world markets,

(1)
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competitiveness but technology is a major one, and that’s what brings
both these subcommittees to this hearing room this morning.

With that, I should add the International Finance Subcommittee
has an additional interest in this subject because of its and this full
committee’s jurisdiction over export control legislation, including
the Export Administration Act and its basic authority for control
of technology transfers abroad. That, too, is a subject that we want
to reexamine.

Senator Schmitt.

OPENING STATEMENT OF SENATOR SCHMITT

Senator Scrmrrr. Mr. Chairman, I'm happy to join with you this
morning in this joint hearing. I believe that it is extremely critical
that we understand the historical and present relation between ex-
ports and technology. There appears to be a correlation between the
decline in U.S. investments in research and development and the
rapid increase in foreign trade competition. If this correlation is
meaningful—and I personally believe that it is—the question then
becomes: What can we do to reverse the unfavorable trends?

Now there are many economic factors which relate to the present

erosion of our competitive position in the international economic
arena. In addition, the perception of our military strength and will
to use that strength play critical roles in how other nations will work
with us or against us economically.
. A few specific adverse economic trends stand out. They are: (1) an
increasingly noncompetitive cost picture for manufactured goous, a
subject which your Subcommittee on International Finance has
dealt with in some detail; (2) an unwillingness to allow production
of domestic energy to break the OPEC cartel which is controlling
energy prices at this time; (8) an increasing dependence on uncertain
supplies of raw materials from unstable regions of the world; (4)
an increasing lack of a strategic capacity for coordination between
the trade-related policies of various Federal agencies; (5) a growing
inability to market our vast agricultural surpluses at fair market
prices; and (6) and the subject of this hearing, the increasing de-
emphasis of short- and long-term research and development in this
country. )

This decreased emphasis on long-term research and technological
development by both the private and public sectors has seriously .
compromised our competitive positions with respect to productivity
and new export markets. Private sector investment in high-risk re-
search and development is down because of extremely unfavorable
regulatory and tax environments. Public investment in Jong-term
research and development is down because of the generally short-
sighted political views of manv national priorities in the Congress.

U.S. foreign trade has traditionally depended on staving at the
leading edee of technolooy. Our history has been one of periods of
rapid technological growth followed bv periods of slow decline. This
has been true in the industrial revolution, shipbuilding, the agricul-
tural revolution, rail transportation, energy production, energy con-
servation, management and services, air transportation, nuclear svs-
tems, electronics, and space systems. We must continually stimulate
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new areas of technology growth to remain on the leading edge of
technological development. History shows very clearly that failure
to do so will cause our economy to decline.

Mr. Chairman, I woild like portions of my statement that deal
with a related area of foreign technological assistance to be included
at this point.

Senator Stevenson. Without objection.

. Senator Scaumrrr. In the related area of foreign technological as-
sistance, how are we going to use the unique technological revolu-
tion in which we presently find the world? Hopefully, we will not
only improve the standard of living and quality of life for Amer-
lcans, but also do the same for people all over this planet. It is the
principal hope for creating long-term stability and friendship on
this planet.

I particularly want to touch on the transfer of benefits of tech-
nology rather than the transfer of the technology itself. This is
most obvious in the use of space technology, such as satellite sys-
tems. In several such areas, we already have been the primary agent
for the transfer of the benefits of high technology to the world. With
satellite technology we are starting to see the modern example of
how we transfer the benefits of technology rather than technology
itself. It is much more important for the developing world to receive
the benefits of high technology than to receive the actual technology.
In addition, they need a vast acceleration in the availability of low
and intermediate technologies so they can feed, clothe, and educate
themselves and make the necessary changes to enter the economic
20th century. In providing job-creating technologies and the benefits
of high technologies, we simultaneously reduce major frictions that
are causing problems in this world. .

We are just beginning a major revolution in weather forecasting
and climate predictions. We are beginning to admit to ourselves
that the Earth is a solar engine. We therefore need to understand
the fluctuations of the Sun and the influence of those fluctuations on
our weather patterns. When we start to integrate monitoring the
Sun with monitoring of the Earth, I think we are going to see a
major breakthrough in our ability to forecast climatic phenomena,
particularly, the intermediate scale of phenomena which are so eco-
nomically critical to most developing nations and modern agricul-
tural giants like ourselves.

Communications technology is another important area of benefit
from high technology. The worldwide Intelsat system is a direct out-
growth of American technology. We are marketing the benefits of
that technology through Comsat, but it is important to recognize
that we have hardly scratched the surface in communications tech-
nology. It is also important to recognize that the approximately 100
nations that participate in the Intelsat system have become so de-
pendent on the benefits of that technology that only one nation has
ever defaulted on a bill. If they do nothing else they make sure that
communications are up and functioning,

U.S. investment in research and development has declined 25 per-
cent in the last 10 years while Germany’s, Japan’s, and other na-
tions’ have grown steadily. The economy is a living organism like a
tree where the products and services are the fruit and basic research
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and development are the nourishment that sustain its growth. Qur
prosperity of todav is based on research and development of the
past. Prosperity of the future is based on our present willingness
now to promote greater research and development in industry and
Government. Second place is not and should not be good enough for
the United States.

Now this issue cannot be addressed in isolation from other eco-
nomic factors. Qur export situation will improve onlv if we can solve
the fundamental economic problems facing the Nation as a whole.
When we solve our problems of inflation, excessive spending, exces-
sive taxation, and move back toward more of a free market economy,
only then will business be encouraged to invest more in the future.
Solving these problems will provide an environment conducive to
rapid economic growth, increased competitiveness in the world mar-
Icet. and expanded export of our products of technology.

Finally, Mr. Chairman, as we have discussed before, I believe it is
absolutelv vital that we develop a national capacity for foreign
trade and assistance coordination. I do not mean a national capacity
necessarily with a capital “n,” T mean national in that everybody
comes to an agreement on what we are trying to do in foreign trade
and assistance. :

Trade-related policies of the Departments of State, Treasury, and
Commerce and of agencies such as the Export-Import Bank and the
White House are almost completelv at cross purposes. To implement
this strategic trade capacity we should consider the creation of a
body composed of individuals from both the private sector and the
Government. This group should be chartered in some way to review
the various assistance and trade programs presently in existence and
recommend the initiatives which should be taken in concert by both
Government and private industry to accomplish the objectives of a
sound foreien trade and assistance policy.

These initiatives must provide for a development of a strategic
marketing capacity for U.S. goods and services abroad. The present
lack of coordination within the Federal Government of trade and
assistance issues related to tax, commerce, lezal technological and, in
fact, patent policies is one of the most discouraging aspects of our
present economic situation that has been brought to light by the
hearings of both our two subcommittees.

Mr. Chairman, I am looking forward to the testimonv of our wit-
nesses. I think we have an excellent panel to start this particular
endeavor, and I again compliment you for the initiative in starting
these hearings.,

Senator StevensoN. Thank vou, Senator Schmitt. I should men-
tion that this is a joint initiative. T am the chairman of both these
subcommittees, and Senator Schmitt is a member of both these sub-
committees by coincidence. and the ranking member of the Science,
Technologv. and Space Subcommittee.

Senator Proxmire.

Senator Proxtre. I have no statement at this time. _

Senator SteveEnson. Qur first witness is Dr. Garv Hufbauer,
Denutv Assistant Secretarv of the Department of the Treasurv.

Dr. Hufbauer, if vou would like to summarize, we would be
pleased to enter your full statement in the record.
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'STATEMENT OF GARY C. HUFBAUER, DEPUTY ASSISTANT SECRE-
TARY, DEPARTMENT OF TREASURY, ACCOMPANIED BY MEL-
VILLE BLAKE

Mr. HurBauer. Thank you, Mr. Chairman.

I’d like to introduce my colleague, Mr. Melville Blake, also with
the Treasury Department, who is with me this morning.

Mr. Chairman, I am pleased to testify on an issue that has sparked
the concerns of many in our country. I am testifying on my own
behalf and not as an administration witness. However, the Treasury
has attempted to look at the issues and survey the problems, and I
would like to share with you this morning a summary of conclusions
that we have come to so far.

[Complete statement follows:]
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U.S. TECHNOLOGY AND U.S. TRADE PERFORMANCE

Mr. Chairman, I am pleased to testify on an issue that
has sparked the concerns of many in government, industry
and the academic community: a perceived decline in U.S.
technological {eadership and its effects on U.S. trade
‘performance.

The scientific and technological resources of the
United States are essential both for maintaining our domes-
tic standard of living and for advancing our international
trade position. We should thus carefully consider the
evidence available to us in order to detérmine whether there
has, in fact, been a decline in innovation and research,

and what effect this might have on our exports.

Mr. Hufbauer is a Deputy Assistant Secretary of the
Department of the Treasury. However, this statement reflects
his private views and is not an Administration position.



Let me begin by reviewing the status of industrial
research and development (R&D) expenditures in the United
States and abroad. Research performed outside of industry
has less importance in the context of international com-
petitiveness. Medical research, for example, has obvious
social value, but only indirectly affects the rate of
productivity growth in American industry.

Total industrial R&D spending, that is, spending by
both the Federal Government and business on R&D performed
within industry, has barely kept up with inflation.

Measured in constant 1972 dollars, this spending has hovered
within the range of $19 to $21 billion during the last
ten years.

Much of this stagnation in total real industrial
R&D has been accounted for by a shrinkage in federally-
funded R&D, which declined in every year but one between
1966 and 1975, averaging a 5.5 percent yearly 'drop.

However, industry's own funding for R&D, which now accounts
for two-thirds of total industrial research, increased

in real terms in every year except two since 1966, averaging
a 3.8 percent annual real gain over that period. Preliminary
figures suggest that real increases accelerated in 1976

and 1977, averaging a 5.3 percent annual rise. As might

be expected, the two periods when industry-~funded R&D did

not rise at all or rose very slowly were in recessionary

periods, namely 1970-71 and 1974-75.



In my opinion, private industry spending on R&D
probably exerts a more immediate payoff for the economy
than federally-funded industrial research. Federal spending
is mostly associated with Defense Department and NASA projects.
Occasionally these projects create spectacular offshoots in
the private economy, for example narrow and wide-bodied
jets and advances in integrated circuit technology. But
on the whole, I am inclined to think that private R&D
spending produces findings which are more readily translated
into new products and processes. Thus, I find the solid
gains in industry-funded R&D encouraging, and I would
contrast them with the generally somber pronouncements
made about R&D trends in the United States.

For example, economists commonly attempt to show a
deterioration in our national R&D effort by comparing
R&D spending with Gross National Product (GNP). Industrial
R&D spending as a percentage of GNP did in fact decline
gradually in the last decade, from 2 percent in 1967 to 1.6
percent in 1977.

However, as an indicator of U.S. performance in
industrial growth and productivity, the ratio of R&D
spending to GNP is misleading. The composition of GNP
has shifted over the last twenty years. 1In particular,
the manufacturing sector, where a major portion of

federally-funded and enterprise-funded research and



development in the U.S. is performed, has been declining
relative to total GNP. The service sector, where relatively
little R&D is undertaken, has contributed a rising share

of GNP. Therefore, a measure which compares R&D with

GNP has become progressively more distorted because GNP

is growing faster in those sectors which are less R&D-
intensive.

A comparison of our R&D performance with the performance
of other nations reveals that the United States still leads
in absolute levels of gross expenditures on R&D, in con-
centration of R&D spending to industrial production, and
in the ratio of R&D manpower to total population. But while
the data for cross-country comparisons are weak, it appears
that the United States lead is being slowly eroded, most
notably by Japan and Germany.

Perhaps the most telling statistic is that, in Con-
tinental Europe and Japan, Government R&D efforts are con-
siderably less devoted to space and defense programs that
in the United States, and are much more heavily focused
on industrial programs, university programs, and private
non-profit research institutes. Japan for example, allots
fully 78 percent of its federal R&D budget for these
activities; this amounts to one-fifth of all R&D carried
out in Japan. As I mentioned earlier, R&D spending for
defense and space research may be less effective in stimulating

growth in the economy of a nation than R&D expenditures
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which are more directly related to the problem of discovering
new products and improving production methods.

Taken as a whole, then, the various measures do
sudgest that in the past decade overall R&D effort in
industry for the United States has been sluggish, except
for industry's own R&D financing, and that governments
and firms abroad have raised their own levels of R&D
activity. Yet these developments on their own do not
automatically support a conclusion that the U.S. economy
is weakening or that our trade position will deteriorate.
Many other factors, such as the availability of capital,
labor attitudes, and government reqgulatory policies, must
be taken into account when examining trends in industrial
production and trade. Product innovation and research
are surely important, but they are only one contributing
factor out of many.

I would like to turn now to our trade performance.
Technology~intensive goods, that is goods produced by indus-
tries with above-average concentrations of applied R&D
spending, comprise about 40 percent of U.S. manufactured
goods exports. A recent Staff Economic Report of the U.S.
Commerce Department found that this compared with only

about 28 percent for Germany, Japan, France and the United
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Kingdom, and somewhat lesser percentages for the rest of

the OECD. Technology-intensive goods included electronics,
aircraft, computers, engines, peprochemicals and drugs.

The low-technology category contains such items as automo-
biles, construction machinery, semi-manufactures and textiles.

Our overall manufactures trade balance has fluctuated
markedly in the past half-decade: in 1972 we experienced
our first post-war manufactures trade deficit; in 1975
we had a record surplus close to $20 billion, and by the
end of 1977 we were down to a $3.3 billion surplus. This
uneveness is the cause of some concern, and has prompted
fears that the traditionally strong U.S. trade position in
manufactures has been eroded, in part due to a slowdown
‘ in U.S. R&D activities.

If we examine our trade balance in technology-intensive
goods it appears that, prior to 1972, we had a fairly
constant surplus of about $6 billion. 1In the past four
years the average yearly surplus in this category of goods
has doubled to over $13 billion. Thus, high technology
goods trade has been a source of strengtp in our trade
picture. By contrast, low-technology goods trade has
largely caused the recent fluctuations in our overall
manufacturing balance.

This is not to say that we have excelled with all our

trading partners in all high technology products. Our
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experience with Japan in the consumer electronics industry,
namely in televisions, radios, audio and transceiver
equipment, shows some of our weaknesses. We had a $3.6
billion trade deficit in 1977 with Japan in high-technology
goods, and about two-thirds of this was accounted for by
imports of consumer electronics goods. Japan's consumer
electronics production has quintupled in the last decade,
from $2 billion in 1967 to $10 billion in 1977 by one
estimate. Our trade relations with Japan have of course
been a major concern for this Administration. We want to
see greater U.S. exports to the Japanese market, both through
a reduction in Japanese import barriers and through more
energetic export efforts by American firms.

So much for past performance. Is it possible to
establish a connection between levels of R&D spending
in the U.S. and a possible future worsening of our trade
performance? The few statistical studies that have
attempted to find a correlation between R&D intensity and
exports show a positive and significant relationship.
These findings have been based on various definitions of
export performance. For example, the Commerce Department
study I referred to earlier found that the United States
exported a greater share of total OECD country exports
in those product groupings which had higher concentrations

of R&D. Other studies, such as one undertaken by Branson
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and@ Junz, show that the U.S. trade balance is more favorable
in those product groups which were more R&D-intensive.

What the studies do not show is how R&D affects
trade performance independently from other important
influences, such as skilled labor effects, industry-
concentration effects, and scale economy effects. These
other effects are frequently associated with just those
industries which have high R&D levels. 1In addition, there
are often long lag times between particular expenditures
on R&D and observed effects on trade. Past studies have
examined a cross-section of goods in a given time period,
and have not attempted to quantify ‘changes over time.

Finally, there is an important circularity in causa-
tion. R&D stimulates trade, but trade also stimulate
R&D. Most academic analysis has focused on only one half
of the loop. Yet market demand is commonly viewed as an
important determinant of technological innovation in the
firm, and these effects should apply to export demand
as well as domestic demand.

In sum, while we can safely presume that there is a
positive connection between R&D spending and exports, the
relationship is not simple, nor can it be mechanically
quantified. It is unlikely that larger R&D spending would
improve our trade balance in the short-run, but it could

well have a positive impact in five or ten years.

28-558 O - 78 -2
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However, we should recognize that certain shifts in
comparative advantage away from the U.S. and in favor
of other countries are probably inevitable. Since at least
the early 1950s foreign markets have grown faster than
American'markets, and it should not be surprising that
some foreign industries have likewise matured and become
more competitive with U.S. industry.

Two other issues have emerged in the debate on tech-
nology and export competitiveness. First, what are the
experiences of small versus large firms in technological
innovation and trade? Second, does the transfer of technology
and research activities abroad undermine the technological
superiority and trade position of the United States?

The data are very thin for comparing the technological
activity of small and larée companies. One study by
Gellman Research Associates composed a sample list of major
U.S. technological innovations, and then examined the
distribution of the innovations in five size groupings.

For 1967 to 1973, firms of 100 or less employees accounted
for 20 percent of the innovations, while whereas firms
with 10,000 or more employees accounted for 43 percent of
the total. A measure was then devised to compare major

innovations per R&D dollar, by size group. Companies



15

with 1-1000 employees produced 24 times as many innova-
tions per R&D dollar as companies with over 10,000 workers.

The Gellman study should be interpreted with care
since the underlying samples_of major innovations may not
aécurately represent the "true" distribution of the
population. The data do suggest, however, that small
companies are more "efficient" with their R&D money. It
should be noted that minor innovations, such as modest
improvements in efficiency, were not considered. Much
R&D expenditure is devoted to these improvements, and
they are an important source of productivity growth. It
is widely recognized that developing and commercializing
a new product or process is the most costly phase of the
innovation process: the rule of thumb, according to Gilpin
and others, is that the cost ratios between basic research,
applied research and commercial development are one to
ten to one hundred. The last stage may be best suited
for the large firm which has greater production, financial
and marketing resources.

The trade of small high-technology companies has not
been examined to my knowledge. The 1975 "White Paper"
prepared under the supervision of the Commerce Technical
Advisory Board on the role of new technical enterprises

in the U.S. economy claims that these companies have the
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ability to create new job opportunities and products
competitive in world markets, but the paper does not
investigate their actual trade performance. As a general
rule, we know large manufacturing companies in the U.S.
export a higher proportion of their total shipments than
do small firms, twice as much by some calculations. Using
Census of Manufactures data for 1972, firms with less than
1000 employées exported an average 2.5 percent of their
total shipments, whereas firms with greater than 1000
workers exported 5.7 percent of their total shipments.
More recent data from U.S. corporate tax returns also
support this point. Domestic International Sales
Corporations (DISCs) with small corporate majority
shareholders ($5 million or less in assets) accounted for
4.4 percent of gross receipts from DISC exports, while that
same size category of all U.S. companies accounted for
14.6 percent of all business receipts. The figures suggest
that large companies play a relatively more significant
role than small companies in exports. This relationship
makes economic sense, since large firms have a bigger foreign
sales base to spread out the high overhead costs of exploring
foreign markets,

Turning to the transfer of technology, we know

less about the scope and magnitude of these transfers than
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we should. A basic problem is finding a satisfactory
measuring stick for technology transfer. 1In the absence
of a better figure, we are forced to rely on royalty and
fee data, namely payments made for technology sales
through licenses of patents, know-how and other intangible
property. These data tell very little about the nature of
the technology being sold. Another difficulty is that the
data do not measure the technology embodied in personnel
who might transfer their know-how by working overseas.
A final drawback is that the fee and royalty channel
includes payments for trademarks and other purposes
unrelated to the transfer of technology. ’
In general, these data show that fourth-fifths
of the royalty and fee income from overseas is from
affiliated enterprises and one-fifth from unaffiliated
enterprises. Fourth-fifths come from Europe, Japan, and
Canada and one-fifth from the developing world. We receive
ten times the amount of fees and royalties from abroad
that we pay out. One notable finding from these unsophisti-
cated measures of technology flow is the very close connec-
tion between direct investment and technology transfers.
The location and size of R&D facilities of U.S.
multinational corporations is not readily known. A U.S.

Government census of U.S. MNCs undertaken this year will
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eventually provide this information, along with data on
R&D personnel overseas and other aspects of technology
transfer. A 1974 study done by the Conference Board
suggests that about 10 percent of U.S. MNC-financed
spending on R&D wasAundertaken abroad in 1974, and a study
done by Edwin Mansfield projects that this will rise to
about 12 percent in 1980. The Mansfield study goes on

to state that principal reason given by companies for
undertaking R&D overseas was to answer the special design
needs of overseas markets. Other reasons included lower
cost of R&D talent, and the ability to monitor foreign
R&D activity.

Specialized studies looking at particular industries or
licensing agreements offer a better picture of what and how
technology is transferred. These studies often attempt
to make estimates of the impact on the economy and compara-
tive advantage of the United States. One recent study
by Jack Baranson indicates that in the twenty-five case
studies he examined of transfers of technology to
unaffiliated foreign enterprises, the technology released
was freqﬁently the most sophisticated and competitive
technology possessed by the U.S. firms, and that these
transfers could conceivably exert an adverse impact on
U.S. trade and employment. However, the Baranson.study

also found that in at least eighty percent of the case
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studies there were alternative foreign sources for the
technologies.

While it is probably true that the increase in
foreign ékill levels arising from certain transfers of
technology to other countries will create greater
competition for U.S. goods, it is equally true that the
U.S. stands to gain from other transfers. New export
markets for U.S. products may result from technology
licensing agreements. Improvements in the technology
may flow back to the United States. And foreign firms
often locate production facilities in the United States
in order to exploit their new technologf here. 1In short,
it is virtually impossible to determine the overall effect
of the technology transfer process.

While the analysis is incomplete, and while definitive
answers may never be possible, I believe that restrictions
on the outflow of technology would not be in the national
interest. The administrative aspects of a technology
licensing system are truly mind-boggling. A Technology
Review Board would be a boon to Washington attorneys and
bureaucrats, but very costly to firms with technology
to sell., Many U.S. firms rely on their earnings from
foreign sales of goods and technology both to finance and
to justify new research activity. 1If U.S. firms are forced
to pass-up foreign opportunities, French, Japanese, and

German firms will very probably step in. Competition
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from abroad can also stimulate the design of better
products in the United States: I mention automobiles
and consumer electronics as examples. Finally, the flow of
technology goes in both directions, and the street can be
blocked at one end as well as the other. In sum the
generation of new technology can be stimulated in various
ways by the diffusion of technology from the existing
pool. Our national interest lies not in the creation
of new barriers but in exposing U.S. firms to the stiff
breeze of competition and fresh ideas from abroad.

I have covered much ground this morning, skimming
over the surface of complex questions. One fundamental
topic that I have not attempted to examine can be summar-
ized in two questions: What is the role of R&D in furthering
economic growth and productivity? And what policies should
the U.S. Government adopt to increase our R&D activity?

I will leave these vital questions for another occasion.
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Senator Stevenson. Thank you, Dr. Hufbauer.

We have received statements from Dr. Lawrence G. F ranko of the
Carnegie Endowment for International Peace, whom you mentioned
earlier; also from Prof. Edwin Mansfield of the Wharton School at
the University of Pennsylvania; and a letter from Mr. de Saint
Phalle at the Export-Import Bank Board of Directors, all of which
will be entered in the record at the conclusion of the testimony.
[See p.277.]

Now let me read from Dr. Franko’s statement and get your re-
action. This is in connection with your first and your last subjects;
namely, Government stimulation of R. & D.

He says in his statement :

The very lack of a clear, deterministic link between R&D expenditure input
and new-product or new-process output, of course, makes R&D one of the
first things to be sacrificed by “cost conscious”, financially-oriented manage-
ments and government agencies in times of economic downturns or uncer-
tainty, or when for other reasons firms and governments emphasize current
consumption and payouts over future returns. Moreover, because the link is
not yet subject to neat mathematical specification, technology is simply left
out of the economic forecasting models on which economic policy in the U.S.
is based. Yet, there can be no doubt whatsoever that U.S. exports would be
vastly less—at current dollar exchange rates and with current political and
foreign policy restrictions in force—had not the U.S. led the world in R&D
based innovations such as the wide-bodied jet, high-thrust jet engines, pre-
cision-guidance, the xerox copier, the computer, electronic semi-conductors,
satellite communications, instant-photography, penicillin, bhybrid seed-grain
development, genetic breeding and so forth.

Contrary to the view that government never does anything except interfere
with business, a very large proportion of these innovations—perhaps a ma-
jority, though I am not aware of any recent tabulation—were nurtured by
the U.S. government.

He goes on—and I'll paraphrase—the Government support was
critical in R. & D. funding. He adds:

The role the U.S. Government played as a source of demand for new prod-
ucts and processes, and as a constant, forebearing customer in computers, semi-
conductors, jet aircraft, nuclear power generation, telecommunications, and
even some pharmaceuticals and chemicals has for some reason rarely been
emphasized or even recognized in most U.S. economics, business and history
textbooks. Perhaps this role of government in so strongly underpinning U.S.
comparative international advantage was too embarrassingly at odds with the
nation that it was purely private enterprise that made America great.

Next:

The seemingly underpub'icized and underappreciated role that the U.S.
Government has historically played in underpinning many internationally suc-
cessful innovations gives special piquancy to the oft-noted dramatic decline in
U.S. Government-funded R&D from its heights in the late 1960s to current
levels.

If T understood you earlier, you were expressing a more conven-
tional wisdom with which Dr. Franko takes some issue. How do you
respond to those comments of his?

Mr. Houreauer. I agree at least 85 percent with what Dr. Franko
has said, even though I haven’t seen his testimony. The only point
T would like to make is that much of the decline in federally funded
R. & D. has been associated with falloffs in defense and NASA
spending. That falloff is a matter of regret to me, but I think it is
somewhat counterbalanced by the rise in private R. & D. spending
in the industrial sector.
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Senator StevEnsoN. Private R. & D. spending?

Mr. HurBauer. Private R. & D. spending in the industrial sector
has risen in real terms. All the figures quoted in my testimony are
inflation-adjusted figures. Generally speaking, R. & D. figures are
portrayed as aggregates, that is the federally funded plus private
spending. The Federal portion has gone down so dramatically that
the overall trend is down. But I'm not trying to take the position
that the Federal contribution to American research has been small
in qualitative terms. Not only is that contrary to what Professor
Franko has said in his testimony, but it is also contrary to the ex-
perience of many foreign countries where the involvement of the

ublic sector in R. & D. is proportionately greater than in the United

tates. That’s true in Canada, Germany, and France. The modes are
somewhat different than what we are familiar with, but Government
involvement in the R. & D. process seems te be a fact of life.

To my way of thinking this involvement can be explained by a
finding of Professor Mansfield: The private entrepreneur can ordi-
narily expect to recapture only a fraction of the benefits of his re-
search and that fraction might be 20 percent or it might be 40 per-
cent, but it’s certainly less than half. That situation automatically
leads to an assumption, it seems to me, of underfunding of R. & D.
by the private sector and particularly underfunding in high-risk
projects, and those are the kinds that you have identified in Pro-
fessor Franko’s testimony.

Senator-Scamrrr. Would the chairman yield

Senator StevENsoN. Yes.

Senator ScamrTr. I must run downstairs in just a few minutes,
but P'm just very disturbed, Mr. Hufbauer, about something. It
ssems to me that you’re looking at dollar figures without any critical
snalvsis of what thev mean, and as the chairman read, we are deal-
ing with different kinds of research and development. One has to
look st how is research and development categorized when listing a
eertain number of dollars spent. Consumer-related and regulatory-
rolated R. & D. is a large part of what industry is investing in at
the present time. Whereas, what has been shortchanged for the last
10 Clyeau's is the high-risk research and development that industry
finds it difficult to finance under the present tax and regulatory en-
vironment. ' .

In between those is a. transitional phase where it takes a nartnership
between industry and Government to carrv something to the point of
where industry can move with it alone. That’s a new element in our
society. Years ago. industry could handle almost all the appropriate
research and development. Unfortunately—or maybe fortunately,
dependine on your point of view—we have moved into the era of high
cost R. & D. in order to make any advances. That is where the Govern-
ment has plaved its role. The list that was read there is exactlv that
list. It’s the kind of thing that came out of high-risk research and
development that almost certainly would not have heen undertaken
by the Federal Government under normal scenaries, I'm afraid what
you have done in just looking at the numbers of dollars has avoided the
breakdown of how those dollars are beino spent.

Senator Stevenson. Now if vou would vield., to continue with the
train of thought, between 1967 and 1977 industry funding of basic
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research declined an average of 1.5 percent per year in constant
dollars, while Federal support of basic research dropped an average
of 1 percent. Meanwhile, industry funding of applied research in-
creased 1.1 percent. There’s apparently a shift in industrial R. & D.
from long-term to short-term research, from product innovation to
product and process improvement; and at the same time that R. & D.
as a percentage of GNP in the United States has leveled off. It is
Increasing rapidly in other countries, and, in fact, it may not be an
exaggeration to suggest that the foreign competition is just begin-
ning. It’s taken three decades, 80 years, for the principal foreign
competitors to pull themselves out of the rubble of a world war and
less than that for many of the LDC’s to leave colonialism behind.
They are now coming on with not only high technology but also with
very low labor costs. .

So you have, it seems to me, as Senator Schmitt mentioned, not
only declining overall figures and especially in relation to other
countries, but also a changing mix in the U.S. figures, both of which
strongly indicate that the erosion of technological innovation and
preeminence in the United States which has been essential to our
efforts to offset other advantages, including cheap raw materials and
low-cost labor, is accelerating the process of erosion.

Do you disagree?

_Mr. Hurpaugr. Not at all. I’'m sorry if I gave the wrong impres-
sion. I think the erosion has in a sense just begun. Given the normal
course of events, unless there’s some fundamental change, it will
probably increase in the years to come.

The emphasis T would like to eive is that a program of R. & D.
stimulation broadly defined—and I haven’t attempted to define such
a nrogram in mv testimonv today—an approach of stimulation
makes far more sense than the quite diametrically opposed approach
of attempting to put up barriers. First, attempting to put up bar-
riers would not work very well; and to the extent it did work, it

- wonld very nrobably be self-defeating.

So T don’t want to leave the impression that I’'m contented with
the present situation largely associated with the very substantial
decline in Federal funded R. & D. Nor do I want to leave you with
the view that that research is somehow not significant or important
to the economy. I think it is' verv important. There are, however,
some bright spots in a cenerally bleak pictnre. and one of them is the
rise in private R. & D. activitv. Even if private spending is not
focused on high-risk projects, from an overall economic standpoint
a lot of gain comes from small nonsensational improvements in
products and processes.

Senator STEVENSON. Senator Proxmire.

Senator ProxM™rE. You do seem to have a rather common, relaxed
attitude toward the stagnation of R. & D. I want to ask you just
about a couple areas that concern me.

One is that we have had a dropoff in constant dollars in space and
defense research. We seem to have had. up until this comine year.
We expect to have more appropriated for this comine year. But in
terms of competition and developing industrial capacitv and scien-
tific base and so forth, it seems to me that may not be bad, depend-
ing on what we’re doing with the rest of it.
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As T look at where the rest of R. & D. is—Senator Schmitt men-
.tioned the regulatory R. & D. required in the environmental area
and so forth—T notice that a lot of the increase has been in energy
research. We have had substantial increases in science and technology
base as compared 1969 to 1976 in transportation and communica-
tions, in natural resources, in food and fiber, and a very substantial
increase in health research which I’m not sure is entirely sterile from
the standpoint of exports.

Have you got a breakdown that would be helnful to vs—because
it would seem to me that while defense R. & D. is essential, and we
have to have it to defend our country—the name of the game is to
have a technology that’s aggressive and more competitive than our
adversaries, and the space of course is an exciting area—it would
seem to me that these others would be more promising in providing
an export payoff because they are more explicit, more directed, and
S0 on.

Can vou give me any breakdown to indicate how we are doing in
these other areas; what part of it is just a reaction to regulation and
what part of it would be helpful to stimulating our exports, making
us more competitive industrially ¢

Mr. HurBauer. Senator. I would like to try to supply something
for the record on the specific points that you raised. It seems to me
that attempts at forming the kind of nice, ticht linkage that one
would like for policy formulation purposes is inherently very diffi-
cult in the R. & D. area. The research manager, the Government
sponsor of research, and the Congress all have to realize that re-
search is a risky area with many dead ends. Further, the cross-
connections between research in one area and findings in another
are legion.

One generalization I do feel comfortable with is that Government
involvement has been particularly prominent in the spectacular
breakthroughs; often these breakthronghs have been offshoots of de-
fense—and space-related activities. The more mundane, dav-to-day
sort of improvements tend to be more the province of industry.

The question which you and Senator Schmitt raised- about how
much of present research is regulatory inspired is one I would like
to oo back to and look at again.

In connection with some work we did on the steel industry last
year, T was involved in some attempts to oet estimates of how much
steel capital snending was connected with environmental controls.
That seemed like a number that should be easy to come by. but it
was a frustrating exercise. We finally came up with some estimates,
but they were by no means hard and fast. And my feeling is that in
the research area the connections between reoulatory push and re-
search are, if anvthine. even weaker. So we will try to come up with
numbers, but T think it’s an area that defies easy categorization and
classification (see p.293).

Senator ProxMirE. One of the problems that bothers me is how we
get, at this; how we provide more encouragement for R. & D.: what's
the most efficient and disciplined and effective wav to do it.

The Defense Department has a category called independent
R. & D. which some of us feel has heen badly abused. In fact, vou
take a percentage of the amount of R. & D. they do, and you give



25

them that percentage with no strings attached and so forth. In a
way, that’s desirable I suppose because they can then get into areas -
that are more risky and that might eventually have a payoff but
might not have an initial payoff.

On the other hand, it can be wasteful, very wasteful, too; and
some people feel that it’s kind of a ripoff. I have been very dissatis-
fied with the kind of response we get from the Defense Department
on that, and T wondered if you had any thinking about it and, also,
if you have any thinking about what we can do, no matter how we
structure this assistance, whether it’s with tax incentives or whether
it’s with direct appropriations. Just because it is an area that’s some-
what remote from an immediate payoff, it’s very, very hard to have
an effective control, at a time when we are all very conscious of try-
ing to hold down spending overall.

Mr. Hursaurr. Senator, I think vou have come to the nub of the
prob[em and that is a truly troubling issue. I would like to just
amplify slichtly in the tax area where I previously worked.

One problem with tax incentives is that it is quite difficult to con-
struct a line between R. & D. and various kinds of market develop-
ment and promotion activities. It’s a very hard line to draw and as
soon as the Government gives R. & D. a more favored tax status—
and there are various devices one can think of—then this line-draw-
Ing problem becomes immense. I don’t think the problem is in-
superable, but I do think it is a difficult one, it’s a problem that will
lead to abuse as companies attempt to classify additional items in
a tax-favored R. & D. status.

I was involved some years ago in the section 861 regulations which
deal with the allocation of R. & D. expense. There were some horror
stories of the kind that you talked about that came to my attention
at that time. Nevertheless, tax incentives are one approach which
many countries have followed with more vigor than we have. Can-
ada and many European countries take that approach.

The other approach which you highlight in your remarks is Gov-
ernment grants or Government-funded institutions. The research
institution which services many private firms has been a popular and
successful variant in Germany and Japan. It is. however, fraught
with antitrust implications which tend to trouble people in this
country. Another variant is direct Government grants to firms and
universities. This requires an enlightened cadre of bureaucrats to
choose projects and fund them. It can lead to the kind of problems
which you highlighted with the Defense Department: there are
blind alleys and boondoggles. But, if you take awav the discretion
and build in too many lavers of review, you will kill the initiative
so often required for bold innovation. ‘

If T had my choice—and this is completelv impractical—I would
place far more emphasis on the names behind a proiect and far less
on the stated objective of that project. Much is told by a past record
of proven success. Certain people have 1deas and are out there dis-
covering and inventing consistently over the years. Unfortunately,
I don’t think our bookkeeping mentality would stand for an ap-
proach that gave each Nobel Prize winner an annual research budget
of $1 million to invent and discover as he pleased.

Senator Proxmire. I just have one more question, Qur investment
abroad has been encouraged by Government programs, by OPEC,
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and by tax incentives, section 911, if the investment flow is taking
play it’s a substitute for exports. It would seem to me that would
be a strong argument for discontinuing programs and incentives of
that kind. Do you think that’s right ¢

Mr. Hureauer. If the premise were correct, the conclusion would
be correct. Senator, I have looked at this in some detail, and I
think the flows are about awash. I do not think tax incentives for
-foreign investment have a strong pull on balance for our exports,
but at the same time, I don’t think they have a strong disfavorable
impact in terms of killing markets that we would otherwise have
had. There are cases going both ways, and it seems to me that it’s
practically neutral on balance.

- Senator Proxmrmre. Well, if it’s neutral, it seems to me there’s a
very strong argument for not continuing that kind of preference.

Mr. Hureavkr. Certainly not on an export basis.

Senator Proxmire. Thank you, Mr. Chairman.

Senator StevensoN. Thank you, Dr. Hufbauer.

Our next witnesses will form a panel. They are Dr. Jack Baran-
son, president, Developing World Industry & Technology, Inc.,
Washington, D.C.; Mr. H. Eugene Douglas, director, International
Trade and Government Affairs, Memorex Corp., McLean, Va.; Dr.
Klaus Heiss, ECON, Inc., Princeton, N.J.; and Dr. LW. Steele,
Corporate Research and Development, General Electric Co. .

If they would come forward we will get started with all of their
testimony and then resume the questions.

While the chairman of this committee is my captive, and he’s not
a champion of the space program, I might make an observation
since he brought up the subject a moment ago. .

Entering the space shuttle era we have an opportunity to bring
home to Earth the benefits of space for remote sensing communica-
tions, including public health and education, navigation, geodesy,
and so on, but there are also commercial export opportunities in the
space program and even here our monopoly, our competitive position,
is in danger of serious erosion.

Just last week the European Space Agency launched its first
communications satellite marking the beginning of the competition
between the United States and Europe for a global communication
satellite market that ESA estimates will easily total $1 billion a year
by 1985. Even there we are beginning to get competition and not
just from the Europeans but also from the Japanese and, of course,
from the Russians who very shortly will probably have a permanent
manned space station.

Do you want to respond ¢

Senator Proxmire. N&. I think there’s no question that there are
many space programs that have been extremely helpful. The space
shuttle, however, I don’t think is ‘going to give us any particular
competitive advantage. We are going to sell rides on the space
shuttle to our competition. I think one thing about the space pro-
gram is they seem to feel they have an international mission which
I think is very constructive and helpful, but again, there are just
parts of that program that I think we can properly economize on
without losing the technology advantage.

Senator Stevenson. All right.



27

Dr. Baranson, may we proceed with you, sir, and let me invite
all of you to summarize your statements giving us more time for
questions, and your full statements, if you can summarize, will be
entered in the record.

STATEMENT OF JACK BARANSON, PRESIDENT, DEVELOPING
WORLD INDUSTRY AND TECHNOLOGY, INC., WASHINGTON, D.C.

Mr. Baranson. Thank you, Mr. Chairman. :

As Dr. Hufbauer pointed out, the statement I’'m going to present
50 ylou is based largely on our research at the enterprise and sector

evel, : -

In the last 2 years we have carried out two major studies, one
which is now nearing completion, and one on the international trans-
fers of industrial technologies by the United States and their im-
pact on U.S. economy, covering five industries; and a second one on
the sources of competitiveness of Japanese color television and video
tape recorder industry.

The remarks I have to make particularly focus on the question of
competitiveness of U.S.-based production, which I think is a eritical
subtlety in this discussion. i .

That is to say, American corporations may be doing all right in
terms of their earnings, but part of this may be due to precisely an
internationalizing of the production function. There is also the ques-
tion of design engineering for the U.S. production base.

When we come to questions of competitiveness of U.S. industry,
the reasons generally cited for decline are: (1) that there are now
unfavorable U.S. Government laws and regulations which impinge
upon the incentives and activities of U.S. firms, and (2) that, by
ﬁnd large, U.S. firms are not as attentive to exports as they should

e.

Our studies focus on a third area which concerns the international
competitiveness of U.S.-based industry. As you know, despite the
devaluation of the U.S. dollar since 1971, large segments of U.S.-
based production have great difficulty in holding their own not only
in world markets but also at home.

Even more disturbing is the progressive erosion of the technolog-
ical underpinnings of U.S.-based industry. There has been a de-

terioration in the incentive to design and engineer future product
generations and to design and engineer for the high-wage U.S
economy, and a tendency toward technology sharing, and shifting to
offshore manufacture—as part of corporate survival for many Amer-
ican firms in an ever-widening range of products and components.
U.S. industry and the U.S. economy face very formidable trading
adversaries. Japanese enterprises have taken over production and
design engineering functions, not just in the mature product range,
but they are now jumping the product cycle and moving into the
next generation as our studies on color television and video tape
recorder equipment show. The video tape recorder—VTR—was de-
signed and engineered in this country 15 or 20 years ago, but since
then it has been completely taken over by Japanese industry—from
the design and engineering to the production function. VTR equip-
ment is now licensed to American firms for marketing under their
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label, and all components are produced offshore in Japan and places
like Korea and Taiwan.

There is some consolation in the fact that foreign investment is
coming into the United States. But in the case of assembly plants
of Japanese firms in the consumer electronics industry, this is just
a beachhead to service the production and technology core retained
in Japan, The United States is, in effect, becoming an underdevel-
oped country. We are assemblers and cabinetmakers in color TV
today, and the major components are, to a large extent, now manu-
factured abroad, and to an increasing degree designed and engi-
neered abroad. The Japanese economy, including their enterprise
system, is conducive to investments in technology, including the
modernization of internationally competitive industrial plants in
Japan. This stands in marked contrast to the U.S. economic environ-
ment, particularly evident in the last 7 or 8 years, and what T would
call a changing U.S. corporate psyche.

If one compares the United States and Japanese economy, one is
impressed by markedly different levels of capital expenditures—up
to 35 percent of GNP in Japan, and down to 15 percent in the
United States. Also, the Japanese economy has been virtually doubl-
ing its output every 5 years over the last 20 years, and productivity
gains have advanced proportionately.

One of the most ironic things that is often overlooked is that we
face an economy with an appreciating currency as compared to the
depreciating dollar. Interestingly enough, an appreciating currency
is conducive to a competitive environment with increasing export
prices and declining import prices. This puts the Japanese firms
under constant pressure to improve the efficiency of their production
in order to survive at home and in the world market. In the United
States we have exactly the opposite. The effect of depreciation is to
buffer the industry with rising import prices, while export prices
are declining. This means that American firms have not been sub-
jected to the hot breath of competition under an appreciating cur-
rency. I think this is a very important point, and one that is often
overlooked. '

Reacting to the 1974 crisis, the Japanese color television manu-
facturers typically redesigned and reengineered their product, auto-
mated production facilities, and expanded production volumes partly
by expanding even further into export markets, thereby moving
down the learning curve of increased volumes and reduced unit
production costs. ' L.

In the United States when you compare a cross section of similar
U.S. firms, you see exactly the opposite—the retrenchment of R. & D.
personnel, moving offshore with a locked-in technology, discon-
tinuance of certain product lines, and in some cases the complete
demise of the product line of the firm. U.S. firms are moving to
lower risk capital and R. & D. expenditures where there is less com-
petition and quicker returns in the profit centers. It is interesting to"
note in this regard that a firm like RCA, which was a leader in this
field, has now acquired Hertz Rental Cars and a frozen food sub-
gidiary.

Japanese firms are movine to the high technology range of com-
ponents and products, and U.S.-based plants are being reduced to
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becoming assemblers and cabinetmakers in the color television field.
Furthermore, 15 or 20 years ago, Japanese firms typically would buy
an American product and disassemble it to determine how to manu-
facture it more efficiently and cheaper in Japan. You now find U.S.
firms purchasing a new Japanese product, such as color televisions
and cameras, only to find that we no longer have the supplier in-
dustries to produce these parts competitively.

I have three sobering thoughts that derive from the foregoing
observations. First, under free trade and a depreciating dollar, the
U.S. technological position has deteriorated. Our world price posi-
tion has improved, but it’s been a buffer behind which our techno-
logical position has deteriorated.

. Second, broadly speaking, the U.S. economy may require a tran-
sitional period of technological reconstruction before resuming its
competitive position in the world economy.

Third, whole segments of U.S. industry—firms that used to be
once technical leaders in their field—are moving to the easier profit
centers. The tendency is toward maintaining current product lines,
and shortchanging long-term, new product development. This ex-
plains, in part, the contradiction of a rise in U.S. private industrial
R. & D. in the face of a faltering competitiveness of U.S. industry.
And most important, from all publications, there has been a fallout
of design and process engineering for the high-wage U.S. economy.
Increasingly, in areas like consumer electronics and certain auto-
motive equipment, U.S. firms are moving offshore to where the wage
level is lower and where they can produce more efficiently with the
existing technology. The Japanese, with rising wages, do exactly the
opposite. They redesign first for volume nroduction: thev retool, auto-
mate, and move toward a more capital-intensive technology that can
function efficiently with the higher wage labor.

RECOMMENDATIONS

Any responsible and knowledgeable person approaches the ques-
tion of recommendations with much trepidation. With this reserva-
tion in mind. I will mention three areas where I think we have to
articulate public policies and refine appropriate instrumentalities.

First, we need more effective mechanisms to anticipate and adjust
to technical change. You’d be surprised how little this is done. When
one compares Japan and the United States in this regard, one finds
_the Japanese far ahead in analyzing where Japanese industry stands
in the world economy, relative to foreign competitors, what the per-
spectives are, and how Japanese industry and the economy can ad-
just to a changing world, by remaining competitive, moving to the
high-technology industries. This is all done in a very effective and
orchestrated way in Japan. Such activities are at best fragmented
and limited in the United States.

This is whv Japan is successively phasing out of low-growth areas
and low-productivity areas, while we seem to be moving in the op-
posite direction. We are moving down the product cycle in terms of
product sophistication and value-added potential as in the color
television case, which I mentioned earlier.

284558 O ~78 =3
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Second, Gary Hufbauer mentioned the difficulty of drawing the
line in the tax incentive area between R. & D. and product develop-
ment. I would go even further. We need to move away from the shot-
gun approach of rivine R. & D. and new plant investment write-offs
to everyone and develop instead more focused instrumentalities to
zero in on design-engineering for the U.S. production base. We
should even consider giving more than 100 percent deduction for
R. & D. of this kind.

Now let me just add a brief aside here in the time allowed, which
T think is important. In this country. advertising expenditures have
been on a par with R. & D. expenditures for several vears now—
about $33 billion and $36 billion, respectively, in 1976. Our competi-
tive position in world markets is undermined when advertisine ex-
penditures to sell the consumer what you’ve got replace R. & D. ex-
penditures to improve product performance and proficiency.

By way of contrast, Japanese consumers are extremely exacting,
and products in Japan have to be redesigned and reengineered con-
stantly to meet competition and their demands. And Japanese firms
are accustomed to servicing consumers in this way all over the world.
I believed tax writeoffs for advertising may have undermined the
technological competitiveness of U.S. industrv. Congress may wish to
consider reducing tax deductions for advertising, while increasing
tax allowances for R. & D.

Finally, there is the question of credits to the innovative firm. For
example, there is the case of Amdahl, a spinoff of IBM, which had
to go to a Japanese firm, Fujitsu, and share front-end technology
with them in order to obtain necessary venture capital. What may be
required is a new kind of credit instrumentality.

Once again, in Japan there is a priority allocation of capital funds
to the high-growth, high-productivity industries. I do believe access
to credit to fund technical innovation for the U.S. economy is as im-
portant as R. & D. tax breaks.

Thank you very much, Mr. Chairman.

[Complete statement follows:]
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Testimony by Dr. Jack Baranson
President, Developing World
Industry and Technology, Inc.

fhere are widely held views that declining U.S. exports of manufactured
goods are not due so much to COMpérative costs and productivity of U.S.-based
producers relative to foreign competitors, but rather the decline is due to
negative attitudes of both business and government toward export performance.
It has been argued that American firms consider exports as marginal business,
and it is also alleged that U.S. Goverrment laws and regulation inhibit or
impinge upon export activitieé.}j

Although there may be some substancer to both of these allegations,
the research we have been doing for the U.S. Department of labor over the
past two years reveals more fundamental and disturbing structural changes in
the U.S. economy that have gdntributed to the dec1161ng competitiveness of
U.S.-based industry in the world economy. Moreover, this declining share\of
world export trade has been continuing despite progressive devaluation of
the U.S. dollar and the price advantage thé revaluation of currencies has
given us over our major trading adversaries in Japan and Western Europe.

Our work in the: area of international transfers of industrial tech-
nology by U.S. corporationsg/ has indicated a marked tendancy on the part
of a growing number of American firms to export technology as a means for
matntaining world market positions and global corporate earnings, For:

some companies, technology sharing has become a matter of corporate survival

l/See Business Week, "The Reluctant Exporter,” 10 April 1978.

3/See "International Transfers of Industrial Technology by U.S. Firms
and Their Implications for the U.S. Economy," prepared for the Office of
Foreign Economic Research, Bureau of International Labor Affairs, U.S.
Department of Labor, December 1976. A summary version of the report appeared
in the Fall-Winter 1977 issue of Foreign Policy, "Technology Exports Can Hurt
Us." ’
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and part of their global strategy to maintain cost competitiveness and to
penetrate certain markets in Eastern Europe and developing world nations.
The conventional wisdom has been that these technology exports were on bal-
ance beneficial to the U.S. economy and unavoidable in the sense that unless
the U.S. firm moved (or sold) its technology abroad, it would lose market
shares and suffer a net decline in earnings.

There is much mérit in these beliefs, but at the same time, a new
set of dilemmas 1s posed by the corporate necessity of technology sharing .
and the erosion effects on U.S. employment. The arrangements place addi- ’
tional burdens on U.S. corporations to maintain technology at the state-of-
the-art level to avoid competition from former purchasers. The 1mp1an£1ng
of an internationally competitive production capability in foreign enter-
prises may also adversely affect other U.S. firms in the same industry and,
in general, create greater competition for U.S. 1ndustrj/ in both foreign and
domestic markets.

Another major source of erosion to U.S.-based production has been the
massive movement offshore of production faciiities to low-wage economies
by U.S. corporations. Rather than redgsign products, re-engineer pro-
cesses, and re-equip plants for the high-wage U.S. economy, U.S. firms have
been taking the path of least resistance, often arguing that if they did
not move offshore they would lose the complete product 1ine to foreign
imports. These movemen‘ts offshore have been reinforced by favorable treat-
ment under sections 806 and 807 of the Tariff Act. Beginning with cut-and-
sew operations for clothing and apparel and the less sophisticated electronic
cdmponent and parts, offshore manufacture has now spread to successive gener-
ations of consumer electronics products and their major components and into
such areas as complete manufacturing of major automotive components such as

engines and transmissions and eventually entire vehicles.
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In a more recent study which we are now completing on the color tele-
vision and video tape recorder industries, we have found that the rising
competitiveness of Japanese firms and the Japanege economy stand in sharp
contrast to the retrenchment and faltering will that characterize American
firms, many of which once were world leaders in their respective product
areas. Not only have Japanese.manufacturers taken over a substantial segment
of the U.S. color television market (about 22 percent), they have also taken
'the lead in developing the new generations of consumer electronic products.
The video tape recorder, originally invented and commercialized in the
United States has been completely taken over by Japanese firms who now manu-
facture this sophisticated equipment in Japan and Ticense U.S. firms such

as RCA and Zenith to market these products in the U.S. under their own

brand names.-

The above described trends are taking place in two sharply contrasting
economic environments -- further contributing to the widening competitive
gap. In Japan there is a sustained rate of growth, a burgeoning trade sur-
plus, and an economic environment which is conducive to expanding industrial
investment in R&D and plant facilities. In the U.S., trade deficits, high
rates of unemployment, and inflation inhibit bouyant growth and expansion-
ary investment.

Capital expenditures in the U.S. are about 15 percent of GNP as com-
pared to 35 percent in Japan and even 22 percent in the United Kingdom. The
level of R&D expenditures in the U.S. aiso have been declining -- from more
than 3 percent of gross national product in 1965 to about 2 percent in
1977, which is below that of West Germany's. But what is perhaps more
significant is the quality and direction of R&D expenditures. U.S. firms
have cut back on.basic research, and in the consumer electronics area it is

obvious that expendftures are limited largely to maintenance of existing
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_ product Tines, with less and less going into developing new generations of
products., The massive movement offshore by U.S. firms usjng state-of-the-
art téchnology, also indicates a reduction of expenditures to design and
engineer for the high-wage U.S. economy.

As.coﬁpetition has 1ntensif1ed in the world economy, the typical
response patterns of U.S. versus Japanese firms stand in marked contrast.
Japanese firms early in 1973-74 began redesigning sets for more efficient
production and automated plants in Japan to further increase export volumes
and thereby reduce unit production costs. The impressive productivity gains
by Japanese firms have permitted them to absorb most of the increase in ex-
port prices resuiting from ﬁhé appreciating yen (U.S; prices raised 6 per-
cent last year when yen fncreased 27 percent over U.S. dollar). In con-
trast to the progres&ive advance of Japanese proficiencies. U.S. firms re-
trenched and continued to move offshore to reduce labor costs uging the same
technology. (It has been difficult to obtain figures, but I would estimate
that only 30 percent of the 9. million sets sold in 1§77 represented U.S.
production -- the remaining 70 percent are now manufactured largely in
Japan, Tatiwan, and Korea.)

In contrast to the persistent and aggressive technological advance
of J&panese enterprise, U.S. firms have been retrenching, reducing R&D ex-
penditure;; and moving to the lower risk profit centers. RCA opted out on
videotape recorder (VTR) development and s branching out into the car
rental (Hertz) and frozen foqd (Banquet Foods) business. General Electric
is joint venturing with Hitachi to attempt to recapture a share of the
market and minimizing their risks by drawing on Japanese technology and pro-
duction sources. '

The U.S. economy can take 1ittle consolation in the reverse flow of

investments into the U.S. (Sony in California, Sanyo in Arkansas, Toshiba
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in Tennessee and Matsushita in I11inois). It only means that Japanese firms
will be able to more effectively bypass import quotas imposed under .the
recently negotiated Orderly Marketing Agreement, and the U.S. economy will
supply Tow-skill labor for assembly and the lgw-technolcgy range of compon-
ents (cabinets and glass for picture tubes). - T'he sophisticated range of
products will continue to be imported from Japan (electronic components

for chassis, picture tube, and tuners). Even more far-reaching, Japanese ‘
design eﬁg1neer1ng capabilities will be further enhanced, and U.S. capa-
bilities will continue to decline.

The significance of the foregoing is that the competitiveness of the
U.S. economy is not only threatened now in the I_ow-technology range of
industrial products from low-wage economies, but s also baing challenged
by'a modernized and automated Japan in an ever-u’l-den'l,ng spectrum of indus- -
trial products in the high-technology range that now includes motor vehicles
and consumer electronics and may eventually spread to the most sophisticated
of electronic components and aircraft equipment. .

It is significant to note the different signals and incentives to
industry that prevail in an economy such as ;Japan's with an appreciating
currency as compared to the U.S. where the dollar is depreciating in value.
Japanese firms are compelled to invest in redesign of products and to
modernize industrial plant in order to compete with the reduced prices of
foreign imports. and to offset the higher price of exports. In the U.S.
economy, the effect of devaluations over the past seven years has been to pro-
vide an invisible tariff in the form of increased prices of foreign imports
_into the U.S. The consequence of this buffer coupled with reduced prices
- of exports, has been to shield U.S. industry from foreign competition at
-- home and abroad and to obviate the need to improve production efficiencies
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: th}-ough expenditures in R&D and toward new plant‘.and equipment. In short,
the Japanese ec;momy has thrived on adversity whereas the U.S. economy has
been buffered into a state of deélining resiliency and competitiveness.

As for public policy guidelines in this area, two dimensions of the
problem and pctential resolution are indicated. One is that sustained move-
ments in the direction of protectionism (either in the form of import re-
striction or further devaluation) will only exacerbate our difficulties.

The other is that we must do spmeth'lng to revitalize U.S. industry's
incent'lv_es to design and engineer in areas we can hope to retain compara-
tive advantage and particularly to design and engineer for U.S.-based pro-
duction and our high-wage economy. Like Alice, the U.S. economy will have
to run faster, if it does not choose to fall behind the rest of the world.
Our economy sorely needs more effective mechanisms to anticipate and adjust
to technical change. Sufficient levels of expenditures to develop and
commercialize new product generations are indispensable as are the related

expendqture f(;r new plant and equipment.
It is particularly evident from a study such as ours comparing U.S.
and Japanese technical response to economic change that we need more finely

tuned tax and credit mechanisms to encourage and fund the innovative firm

_that is designing and engineering for production in the U.S. economy and in
product areas where there is either or both growth and productivity gain
potential. Incidentally, an array of instrumentalities in Japan have pre-
cisely been instituted to progressively move fhe Japanese economy into areas
of comparative advantage and out of declining industries. “U.S. tax incen-
tives should be atuned to favor these areas, and more thought needs to be
given to financial mechanisms that earmark funding for the innovative firm.
Perhaps what is needed is a latter-day version of the Reconstruction Finance
Corporation -- this time aimed at reconstruction of the technological

underpinnings of our economy.
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Senator Stevenson. Thank you, sir. There was a graphic portrayal
of the situation you described in the Washington Post this morning.
I don’t know if you saw it. It’s a picture of a Japanese ship unload-
ing Japanese-made automobiles in Florida in order to pick up ‘Amer-
ican-made oranges.

Mr. Baranson. Yes; I saw it too.

Senator Stevenson. Mr. Douglas.

STATEMENT OF H. EUGENE DOUGLAS, DIRECTOR, INTERNATIONAL
TRADE AND GOVERNMENT AFFAIRS, MEMOREX CORP., MC-
LEAN, VA,

Mr. Douveras. Thank you very much, Mr. Chairman.

The Memorex Corp. has made a reputation for itself as being an
energetic and often an irreverent kind of company.

An archetype of the American model of a high technology com-
pany, Memorex was started in 1961 supported by venture capital.
We have always sought through innovative technology to bring out
better products; we have sought out export markets, increased our
volume, and balanced our growth road, but the company is in a
strong condition with a solid domestic and export market posture.

Memorex has been in the past, and will be in the future, very com-
mitted to its export program. In the best of all possible worlds we’d
like to see our exports as product exports, but increasingly the total
cost picture in the United States is making it difficult for American
firms to compete, not the least reason being that manv other countries
in which we sell are determined to create competitive industries in
areas where we are now active.

In the short term we are going to try to reduce costs in those
areas which leave as much of the basic R. & D. and component man-
ufacture as possible here in the United States, but the unit cost of
production is going up faster than our cost-cutting, and it’s hard to
say where labor, taxes, transportation, the cost of capital, and the
cost of maintaining domestic R. & D. nrograms is going to take us.

There are several points which I did not cover in the general
statement that I gave to the subcommittee, and I would like your
permission to make several statements on related subjects and to
amplify them later in writing if that’s acceptable.

The first of these points is the opportunities which I think U.S.
firms have to extend their R. & D. capabilities through foreign
sources without necessarily turning over the fruits of that R. & D. to
the foreign sources.

T have in mind Japan, and to a lesser extent probably Great Brit-
ain; in both countries there appears to be a larger growth in scien-
tificallv and technically educated persons entering the job market
than there are going to be opportunities for these persons to effec-
tively contribute to their economy.

This excess intellectnral capacity. 3 vou will foreive the term. ean
be a kind of social and nolitical problem to the host country, as well
as a source of considerable experience to us.

Now whether we can think of this as a kind of supplemental
source of R. & D. work, which might be drawn back for implemen-
tation by U.S. firms, it seems to us to be something that is interesting
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the computer and electronics industry, and I would recommend it
for further study.

The second one is a familiar problem to everyone in this room; it
certainly is to you on the committee, and that is U.S. exports abroad.
The processing of U.S. export licenses continues to flow with all of
the speed of subzero molasses. My company alone has lost hundreds
of thousands of dollars in the past year and a half from delays in
export licenses which were finally granted after the business had dis-
appeared. We are currently working on an exemplary case of this
kind : to export computer peripheral equipment to Poland—to a joint
venture with an American company engaged in manufacturing trac-
tors. OEA and DOD agree that there is no danger of diversion. The
products pose no risk of exporting engineering technology. There is
no question that the client i$ a civilian-oriented firm. The only prob-
lem standing in the way is a bureaucratic anxiety that to decide the
case in the affirmative would create a precedent which the export
control community doesn’t know how to deal with in the future.

In our case, a West German firm, or a Japanese firm, is standing
in the wings waiting to pick up the business, it is waiting to pick up
the profit, and plow it back into further development of the business
l';:;h(ilc}l will be used to further reduce our exports. Something has to

one.

We have in frustration forsworn any new idea on what to do about
it. Frank Weil and Stan Marcuss, over in Commerce, and Ellen Frost
at Defense, are certainly working in the right direction, but in the
meantime the Congress ought to take a new look at the delays.

The third and final consideration that I wanted to offer in addition
was what I call the exceptional openness of the American R. & D.
and technical and scientific communities, despite a continued lack
of reciprocity abroad. It is perhaps in our national character that we
are open, that we welcome foreign visitors in our plants and labora-
tories, but it is not in our national character to continually be taken
advantage of. Whether it is the Bell Labs, the Semiconductor Com-
puter Co., medical technology, or aerospace, I feel that we in the
private sector must learn and learn more rapidly than we have
evidence of in the past how to be less open and more discriminating
in our disclosure, our technological trends, our technological R: & D.
and production innovations which are being used to supplant their
American originators.

The questions which you are addressing are difficult, but they are
of immense national importance. My colleagues and I want to con-
tinue to assist you as you go forward in that work. But the prob-
“ lems are so broad that we hope that the Congress can drive at least
one stake in the near future around which we can build those
programs.

Jack Baranson and Gary Hufbauer, I think intelligently indicated
that the tax areas and the incentives are probably the most available
and possibly the most-important to stimulate innovation, to increase
the motivation of the persons in industry who will be necessary to
carry out that innovation.

Thank you.

[The complete statement of Mr. Douglas follows:]
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Introduction
The Memorex Corporation appreciates the invitation of the

Subcommittee on Internatibnal Finance and the Science, Technology
and Sﬁace Subcommittee to express some of our views on the subject
of U.S. high technology exports. In reaching our decision to
appear here today, mj colleagues and 1 were aware that we could
offer no profound observations. Certainly, we have no solutions
to the serious international and domestic challenges facing

U.s. high technology firms. Neither, we concluded, would we be
. inclined to deliver a jeremiad on things the Administration énd
Congress have done, or left undone, in matters of business and
export policies. Still, the future of America's high technology
industries and the country's export position are questions with

which we are much occupied.
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Since the Company's founding in 1961, Memorex has actively sought
overseas markets. Today, close to 40% of our total revenue is derived
from our international operations. In this success, there is no room
for complacency. It has been our experience that the relationship
between R&D, product innovation and export sales is an extaordinarily
complex one, acutely difficult to analyze. For technology is not simply
© a major force in current events, it has in itself something human: not
only man-made but made of men.

In his recent study of the rolé of science and technology in American
industry, David Noble makes the observation that, although technology may
be described as a composite of the accumulated scientific knowledge,
technical skills, implements, logical habits, and material products of
people; it 1; always more than this, more than information, logic, things.
In thinking about the issue of high technology exports, I find it useful
to remember that technology is in large measure people themselves, under-
taking their‘various activities in particular social and historical contexts,

with particular interests and.aims.

Corporate Background

Memorex is an independent manufacturer and supplier of information
storage and communication products. The Company was incorporated in 1961
under the Taws of the State of California and has its principa1'offices,
laboratories, and production facilities in Santa Clara, 'California.
Additional manufacturing sites are located in Los Angeles, California;

Eau Claire, Wisconsin; Liege, Belgium; and Nogales, Mexico. Memorex main-
tains sales and technical offices in 54 locations in the United States and

47 cities throughout Europe, Canada, Mexico, South America and Asia. Memorex
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Corporation employs more than 8,200 persons in offices and technical
facilities around the world. Of the total work force , more than 70% or
6,000 persons are employed in the United States. The 1977 revenue of the
Memorex Corporation was $450 million, of which roughly 40% resulted from
overseas sales.

Memorex préducts are based on magnetic coating and e]ectronic tech-
nologies, and our people's hard work and innovativeness have earned the
Company an internationally respected name in these areas. With more than
fifteen years of experience in the formulation and production of magnetic
recording media and nearly a decade in the deve]opmént and manufaéturing
of computer peripheral equipment, Memorex is one of the few companies in
the world with such a combination of expertise.

Memorex's technological know-how has been focused on high growth data
processing and consumer markets. For example, the major products offered

by Memorex are:

Data Processing Equipment " Data Processing Accessories

.. Computer tape
Disc packs
Flexible discs

. Toner, magnetic cards,
and other office supplies

. Disc drives and controllers

. Tape drives and controllers
Add-on memories
Communication controllers
Intelligent terminals

s W N =
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Consumer_ Products

1. Audio cassettes
. 2. Video cassettes
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ADP _and Economic Growth

The -data processing sector of the world economy has been characterized
by exceptionally rapid growth. Data processing is now the third largest
industry in the world after chemicals and automobiles.

An even more important aspect of the data processing industry is the
critical role it plays 1n economic progress; for not only has it revolu-
tionized the processing of numerical data, but it also occup{es and will
continue to occupy an important position as an administrative instrument
and as a method of improving decision-making procedures. In this important
respect, data processing will penetrate every area of daily Tife.

Computers have become a driving force of industrialized societies. At
Tast yedr's National Computer Conference, the delegates heard the keynote
speaker give computers credit for about 15% of the U.S. growth in per capita
GNP over the past thirty years. Other United Nations studies have found a
close corfqution, in industrial nations, between GNP and the population of
. computers. The Japanese were convinced that the computer indusfry was a
"knowledge intensive" fndustry which could generate new economic activity
in 1ts own right, as well as stimulate improved productivity in established
manufacturing and service sectors. Given the general consensus that computers
can play a major role in transferring technology, increasing productivity and
finding innovative and environmentally acceptable approaches to economic
growth; international demand {s reasonably assured. Equally assured is the
desire among the major nations of the world to have their own computer

industry -~ for domestic applications and for export.
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The Relation of R&D to Technological Product Leadership

Increasingly, our national productivity depends on a dynamic and
innova;ive combination of labor, capital and technology. Of these three
. elements, technology is probably the most important and the most difficult
to predict; because, unlike labor and capital, technology cannot be
appiied directly. It must be commercialized, or transformed into a pro-
ductive capability. In the computer industry, as with the aircraft
industry, R&D is necessary to remain competitive. By any measure, the
relationship between levels of R&D investment and technological produét
leadership is very strong. Without any empirical evidence to present, it
is our opinion that the Government's unwillingness to make signif}cant new
futures investments in the U.S. aerospace industry, for one example, will
work to the short-term and long-range disadvantage of U.S. technology, u.s.
employment, and U.S. exports. Whatever social and political implication it
may have, the past Government promotion of the aerospace industry made
possible sevéra] generations of military and civilian aircraft, and space-
craft, which sti11 figure as positive export earners. The demands which
military and space app11catfons placed on the various R&D programs stimu-
lated the Américan corporate and independent entrepreneurial spirit fo‘
-develop advances in metals, electronics, component miniaturization, and
data processing which later found sound civilian commercial embodiment.
When the Federal Government constrains its R&D activities in attempts to
economize, the country may save $10 million and lose a $100 billion future
opportunity.

In the private sector, R&D investments vary widely from industrial.

sector to sector and within a given industry. On the whole, the pressures
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on capital and profit are becoming a matter of continued serious concern.
With inflation and government-induced costs increasing, high technology
firms are under pressure to narrow their sights and select fewer R&D
options for development than-would have been the case only a few years
ago. In a sense, I suspect that many firms are consciously under-
investing in R&D because they cannot affort to do otherwise. There is
another aspect to this R4D pressure. If one accepts the 1mertance of

R&D for future growth, then many smaller- to medium-size firms find that
their commercial viability can be secured only in association with or as

a subsidiary of a larger firm. While bigness is not in 1tsg1f bad, there
is a question of what the long-term implications of such a reduction might
be for the U.S. For our own company, Memorex has a 1978 R&D program which
contains stgnificant increases in our in-house programs and a complementary
program of acquisitions, affiliations and purchases of technology.

For a variety of reasons ana contrary perhaps td prevailing myth,
innovation 1ﬁ the.computer and components . industry frequently comes from
the smaller firms. One certainly has seen this in California‘'s "Silicon
Valley" where the level of téchno1ogica1 1nnovati§n has been matched by the
energies of ihe American entrepreneurial spirit. This entrepreneurial
spirit is resilient, optimistic and creative; but not impervious to the
Iargef forces in the economy which are pushing costs up, constraining
availébility of venture capital, and depressing opportunities fdr commier-
cialization of their technological innovations. The independent spirit of
the entrepreneur is one of America's greatest assets; particularly in the
context of high technology fields where bold and stubborn people, through

design or luck, can push open doors to futures.
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These same small firms can also have a potentially negative role in
the export of commercially important, new technologies abroad. Although
it is an over-simplification, one may argue that small firms are more
likely to be naive in selling the fruits of their discoveries in inter-
national market than the larger firms. This is not to argue that small
firms be locked-up within the U.S., but there is an exposure of perhaps
unwitting leakage of commercially significant technologies.

The issue of technology transfer abroad may be one of those subjects
which seem quite clear as long as we leave them a1one; For better orvﬁorse,
nobody will leave the subject alone; and rightly so. Unfortunately, the
interest is long overdue, but by no means too late. The Japanese, French,
West Germans, British and Soviets are determined to have a Qiab]e computer
industry of international export quality. As such, there will be moves on
both sides to seek affilfations with U.S. companies. Some of these arrange-

. ments will be motivated by access to technology, others will be directed
toward acces§ to markets. Many arrangements will be standard commercial
agreements with 1ittle or no effect on American competitiveness, while
others should 1ikely be disapproved by a national level review board. The
Defense Science Board's report (the so-called Bucy Report) made several
suggestions which are now being studied in Washington's very special
fashion.

There is little question that considerab]é U.S.-origin technology and
produ¢tion know-how leaves the country every year through the channels of
foreign subsidiaries of U.S. firms or joint ventures with U.S. firms. The
control of these movements is presently impossible, but some rationa?l

controls are necessary. The thought of another government administered

28-588 O =178 - 4
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contfo] program in so complex an area fills many of us with disquiet.
From our experience with current export controls, we fear the bad habit
of bureauérats to fight the industrial revolution before last.

Another question related to the movement of U.S. technology abroad
via U.S. firms is the growing foreign 1nvestmeﬁt in U.S. companies and
the creation through such investment of new channels of technology export.
With a few exceptions -- the recent West German purchase of Litronix, or
the Japanese investment in Amdahl Corporation, for example -- we are not
awaée of cases of foreign investment in key high technology firms. I
think few-people would want to see America place special controls on that
kind of foreign investment, specifically directed at suspicions that an
Anvestor was a‘"technology stripper." If we want technology export controls,
we ought to enact a comprehensive statute, but not one directed only at
foreign 1nvéstment in American high technology firms. Another qbn;ideration
in this matter should be an interest to 1mpro§e the capital markets and
investment climate so that important high technology firms do not have to
turn abroad for financing. The entrepreneuf or technology firm wants to
bring his idea to fruition. Should he go under rather than accept Japanese

or French capital? A difficult question.
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SOME OBSERVATIONS ON
U.S.-U.5.5.R. ADVANCED TECHNOLOGY TRANSFER

. . .

THE COMPUTER INDUSTRY

By
‘H. Eugene Douglas
Memorex Corporation

May, 1978

The role of techrology transfer abroad may be one of those subjects
which seem quite clear as long as we leave them alone. The answers appear
obvious until we begin asking question_s. The issue of the transfer of
technology has become a major focal point of attentio;x for the Carte;-
Administration, the Congress, the United Nations and other int'emational
orgﬁnizations , organized labor, and the business community. As an
issue for poiitical debate technology transfer is broad, lacks common
temﬁ of reference, and wi.ll not comé to an easy or early definitiom.

One -of the more complex and controversial aspects of the overall issue-~
-fhe transfer of tecﬁnolog); from West £o East—has moved clearly into
the forefro.nt in 1978. The reasons for this are several, but the- main
considera.tions are these.

A. During the past twelve months, the military balance has been
publicly recognized as 2 growing and unwelcome factor éffec:ing the U.S.-

Soviet political and trade relationship. The situstion has led some
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snalysts to comment that the U.S. reaction to the probable SALT agree-
ment will define a watershed in U.S.-Soviet relations.‘ The Congress
has heard extensive testimony that improvement in Soviet forces are
continuing across the board: improvements covering the entire spectrum
of weapons syst.ems from nuclear strategic forces to conventional general
purpose for:f.-.es.z It is not that the future relatiomship between the
two countries will turn so much on arms control issues alome as it ias
that the occasion for the SALT review provides a focus for new thinking
ﬁd debate on a range of ;ubjective considerations and beliefs ai:out the
origins and nature of Soviet strategic objectives and the importaance of
technology on the military balance. Technology warrants special con-
esideration at this time because of widespread speculation in the United
States and Western Europe that advancing weapons technoiogy may fast
alter the strategic and theater aspects of the military and political
balance.

B. Both the U.S. Department of Defense and the National Security
Council are now is the process of major review of policies affecting
U.8. technology transfelr and product sales to East Europe and the Soviet
Union. In the summer of 1977, President Carter ordered a National
Security Council study of a broad range of government policies with re-

T s e

'(blonel Richard G. Head, "Technology and the Military Balance",r

Foreign Affairs 56 (April 1978), p. 544. Head attributes the remark to
George Kennan.

2I.V.S. Congress. Joint Economic Committee. Allocation of Resources

in the Soviet Union and China-1977. Hearings before the Subcommittee on

Priorities and Economy in Government. 95th Cong., lst sess., 1977. Part 2.
p. 63.
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spect to technology transfer, East-West Trade, and export controls.

The study is to be issued as a Presidential Review Memorandum. Pending
completion of the NSC study, Secretary of Defense Harold Brown has

issued "interim" guidance, dated August 1977, to the Defease estad-
ligshment concerning DOD's role in sui:port of the U.S. Goverument's

effort to control the movement of "critical” U.S. technology, products
and components to the USSR. The Secretary of -Defense's guidance draws
heavily on a 1976 report of the Defense Science Board titled An Analysis
of Export Control of U. S. Technology ~ A DOD Perspective. The Defense

Department's’ interim guidance, which concentrated special atteantion om
the necessity of controlling exports of "critical technologies™, has
been followed bi the release of a proposed "List of Critical Technologies
for Export Control" and, subsequently, an abbreviated list of "very
important critical technologies."

The findings of these Administration reviews may well result in
aignifihanf policy changes, to be implemented by the Administrationm,
enacted by Congress, or most likely a combination of both during the
remainder of 1979 and during 1979. o

C. After renewing the Export Administration Act in 19773, the

' Congress has sustained its initiatives designed to oversee the Execu-
tive Branch implementation of the recently mandated changes in the law..
Regular oversight hearings as well as hearings directed at specific
topics such as multilateral enforcement of export controls and tech-
nology transfers are expected within the coming eithteen moanths. The -
Act expires in September 1979. . :

' D. There is disagreement among the Administration, the intelli-

gence community, the Congress, and business leaders as to what direc-
tion future U.S. export control policy should take. While disagree-~
ments on controversial subjevc:a are by no means rare in official

'Washington, the lack of at least a working consensus on export control
itiha R HE DR O
3 The principal U.S. export control statute is the Export Admini-

stration Act of 1969, as amended by the Export Administration Amendments
of 1977 (Pub. L. 95-52), (50 U.S.C. App. 2401 et seq.).
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policies covering advanced or critical technologies poses an additional
burden as the Government prepares to renegotiate the COCOM listb of items
gsubject to internmational control. The negotiations wh_ich take place at
roughly three year intervals are scheduled to open in Paris in October ~
1978.

The current United States policy of controlling exports dates back
to the beginnings of World War II when President Roosevelt was givea
the authority to control or curtail exports of munitions and related
items in the interest of the country's defemse. In a pattern now fami-
1iar from other areas of regulatoryand national security legislatica,
the ensuing years saw an expansion of the scope of these controls as
to the range of the items under control and the purposes of the export
controls. Since 1947 U.S. export controls have been sdministered by
elements of the Department of Commerce. Presently the function is ad-
ministered by the Department’s Office of Export Administration.

Technology exchange in East-West trade and the area of export
controls impinge on other issues of foreign and national security policy
in a number of important ways. It is now quite common in the more senior
levels of government to face issues that require a balanced response of
technical and policy judgement. Examples of cases invdving technical
judgement in & narrow sense would be: the design and production cost’
of a new series of SLBM, and the development of a radar for air combat

requirements. In essentially all such cases, one also finds what Margolis

i

it

4 The Coordinating Committee (COCOM) , an informal organizatiom
established in 1950 without formal treaty or executive agreement, is
the principal international forum for controlling, in the interest of
mutual security, strategic exports from member countries to the commu-
nist countries. COCOM consists of the members of NATO (less Iceland)
plus Japan. The key documents for the administration of COCOM controls
are lists of strategic items which it is agreed should not be shipped to
communist countries. The lists are reviewed periodically and, as woted, -
the next revision is scheduled for October 1978. U.S. participatiom in
COCOM is governed through the Department of State.
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points out as "trans-science": questions which are not narrowly technical
questions, but which require or invite treatment in technical Ianguage.s
It is a fact of life that the technical literary among political leaders
in the United States and in most NATO countries is low. And anyone
familiar with decision making on national secur;ty issues is well aware
of the deeply political nature of almost everything connected mth the
process of staffing and reaching judgments on technical considerations
affecting a policy issue. This short paper deals with one such issue:
the transfer of computer and computer related products and techmology
to the USSR. It is concermed with how the example of computers and
export controls bear on other foreign policy, mternat:.onal trade, and

national security issues.

THE SETTING

" It is relevant to a consideration of the technology issue in U.S.-
USSR relations that the Soviet Union is the principal military opponent
of the United States and its NATO sllies and will remain so for the in-
definite future. The inherent faults of current vision notwithstanding,
it does not seem likely that any other single power, or combiiation of
powers, will assume this chief adversary position for the rest of the
century. This observation in no way implies that armed conflict is in-~
evitable or even probable. Put another way, given the USSR's position
in international affairs as it now exists and is likely to evolve, its -
future and conduct is of vital importance to us.

In a closed hearing last year, CIA Director Admiral Stansfield
Turner told the Joint Economic Committee of the Congress that the
USSR will soon enter a period of reduced economic growth and that this
will have important implications for the West. Turner said that his
conclusion was based mainly on the CIA's projection of a sharp reduc-

tion in the growth of the population of working age in the 1980s,

B R

5
Howard Margolis, Technical Adv1ce on Policy Issues, (Beverly lhlls:
Sage Publications, 1973), p. 6.
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coupled with antigcipated Soviet bottlenecks in key commodities, especially
crude 011.6 As a result, Moscow will face new uncertainties and difficult
policy options regarding energy use, imports of technology and product

from the West, relations with Eastern Europe, and the size and mission of
its armed forces. Among the politically more manageable options cpen to

the Soviet leadership are limited economicvref_oms to increase productivity
and highly selective importation of plant, equipment and technology to
stimulate particularly troublesome industrial areas. Computer technology

is high on the 1list of priority industries , and even the post-Brezhnev
Eremlin would be hardpressed to downgrade its importance.

At the risk of oversimplification, it could be said that the history
of modern Russia has been dominated by the need perceived by Russian
leaders to catch up ‘with the more advanced nations of the West. The
importation and employment of advanced foreign techmologies has -been a.
major part of this catching up process. In the eighteenth cemtury, Peter
the Great brought in foreign technology and foreign experts by the thou-.
sands to build the economic base which would auppoft' his ambitious mili-
tary and foreign policy aims. Another mass importation took place in the
past century and was connected with the industt.-ialization spurt in the
1890s. Following the Revolution, another period of major imbortation of
foreign technology was promoted during the 1920s and, more intensely yet,-
the early 19303.7 The historical reasons and snalysis of the Soviet failure

L R

6 U.S. Congress, Joint Economic Committee, Allocation of Resources in
the Soviet Union and China - 1977, Hearings before the Subcommittee on
Priorities and Economy in Covernment of the Joint Economic Committee. Part I.
94th Cong., lst sess., 1977. p. 1. . .

7See the three volume work by Anthony C. Sutton, Western Technology
and Soviet Economic Development 1917-1930 (Stanford, California: Hoover
Tostitution, 1968). Vol. 2,....1930-1945 (1971). Vol.3,....1945-1965
(1973).
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to internalize the creation and diffusion of techndlogy during these periods
has been well documented.s The failure has clearly not been total, and the
Soviet leadérship maintains a high level of interest and growing sophisti-

cation in sebcting what technologies and processes they wish to import..-

For the West, with NATO's interest in holding computer technology
exports to the USSR within national .security tolerable limits, a more
pointed question about the Soviet advances in developing sophisticated
products and techniques is how far the USSR has been dependent on imported
Weatern technology. Although Sutton's work is not without its critics,
the documentatmn of his arguments is mpress:.ve and persuasive. He
states that: ’

No fundamental industrial innovation of Soviet origin has been iden-~
tified in the Soviet Union between 1917-1965....Soviet innovation has
consisted, in substance, in adapting those made outside the USSR or
using those made by Western firms specifically for the Soviet Union
and for Soviet industrial conditions and factor pattems.,

Using what they have imported as a base, the Soviets have developed quite
congiderable skill in adapting and scaling-up, which gives the impréssion
of indigenbus achievement. In Sutton's view, the USSR has had ample time
" since 1928 to catch up with the West and its failure to do so is the re-
sult of wealmes-ses in the system, not of science, but of their capability
to transform the results of science into new products and processes. Time
after time, the Soviet leadership has underscored the critical importance -
it attaches to the attainment of pre-eminence in science and technology

as an essential for victoryv in the struggle between the two world social
systems. While Brezhnev has on occasion talked of scientific and technical
progress as "one of the main fronts in tﬁe historical competition between
systems,” he has on other occasions made assertions that "the center of

gravity in the competition of the two systems is now to be found precisely

it i Ii‘x’iiillﬂ HHH i HEHH]

8 In addition to Sutton, you might consult Ronald Amanmn, Julian
Cooper and R. W. Davies, ed., The Technological Level of Soviet Imdustry
(New Haven: Yale University Press, 1977).

Sutton Western Technology and Soviet Economic Development, Vol. 3
(1973}, p. xxv.
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in this field."lo

as a statement of fact which guides USSR policies?

Should we take the statement as Soviet rhetoric or

Soviet rhetoric has always appeared turgid, dogmatic, and even
somewhat unreal to most Western readers. In our historic tendency to
dismiss most of what the Soviets say as "rhetoric", we are prone to mis~
take the real message. To deftly sift the rhetoric for the real message
is an exceptionally difficult task. It requires training, skills, dogged
persistence, amd the ability to exploit the information provided in a
S8oviet context. Whether one is a scholar, political leader, or business-
man, the most common, subtle and pernicious error vhich American observers
of the USSR are prone is “nirror imaging", that is, the implicit or expli-
cit assumption that Soviet objectives are the same as ours, and that they
react the same way we do to common problems and experiences, even if
their system or their way of doing things is different from ours. It
seems obvious to persons experienced in Soviet affairs that Western and
Soviet perception of the central role of scientific and technological
competition tend to differ in terms of its significéﬁce and implications.
The Soviets see science and technology as bearing directly on Soviet
power--economic, military-strategic and political~-and therefore as a
critical factor in determining the "correlation of forces" in the poli-
tical and military arena for the remainder of this century. The impulsge
to amass military power remains a pervasive hallmark of the Soviet ruling
elite regardless of generation. The dynamicalof the political system
favor it, and the Soviet economic system seems unalterably geared to it. '
The Soviets weré quick to note that the scientific-technological revolu-
tion not only promotes a rapid development of the instruments of national-
power but also makes possible the attaimment of major changes in the

military and economic balance of power between the United States and the
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10 Mose L. Harvey, Leon Goure, and Vladimir Prokofieff, Science and
Technology as an Instrument of Soviet Policy.(Miawi,Florida: Center for
Advanced International Studies, University of Miami, 1972). p. 1.
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Soviet Union.

The Soviet leaders look upon sciencé and technology as the key to the
continued buildup of the material-technical base of the USSR. Because
the regime's capabilities to move twoward its domestic and foreign objec-—
tives rest on this broad power base, the Politburo has tried to view
Soviet technology in a reasomably objective m:;inner.. The decision to
develop a new series of computers, the so called Unified Series, or
RYAD series, provides one case study of a conscious Soviet decision to
acquire — whether throuéh negotiable transfer (purchase of plaunt,equip-
wment, license, know-how) or non-negotiable transfer (extracting material
from technical publications, direct observation by visiting specialists,
or some form of espionage) -—the Western know-how necessary to pemx.t them

to leap forward a decade or more in their computer industry.

SOVIET COMPUTER TECHNOLOGY - INTERNATIONAL PRECEDENTS

The effect of computer technology is pervasive in advanced industrial
societies. The innovative use of these machines with powers of calculation
and data storage thousands or more times greater than the human mind has
been a key element of most of the significant scientific, wmilitary, and
technological achievements of the last twenty years. Not only carriers
of innovation into other fields, computers have undergone a series of
discrete innovation in their own design and production.

The modern electronic computer is d ded from the automatic

calculators with electromechanical relays developed by Zuse inm Berlin
in the 1930s and used for aircraft design in the Second World War. The
majority of the postwar innovation in computer technology has been
n

A

modern computer system is made up of hardware and software. The hard-

focused on the development of genetal purpose digital computers.

ware comprises the central processing unit (CPU) which carries out the

arithmetical and logical operations, a small internal or operational
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n Alvin J. Harman, The International Computer Industry, (Cambridge,
Mass: Hacvird University Press, 1971), pp. 6-38.. -
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memory containing data to which the processor has ready access, and a
range of peripheral equipment. Peripherals include equipment for the
‘input and output of data to and from.the system; the external memory, -
which may be on magnetic tape, drum or disc; and a range of other equip-
ment which can be included as required, such as a video display unit,
light pens, automatic plotters, and pressure-sensitive input tablets.
The software of a computer typically consists of an operating system
which performs such basic functions as error detection and commumi-
cation with peripherals; compilers, which translate instructions

written in a high-level symbolic language into the machine code under-
stood by the computer; and applications programs which are geared to carry
out the special operations required by the user. The frontiers of each
of these fundtions have been expanded enormously since the beginning of
the 1950s. )

The computer has been described most broadly as having developed
through three generations, from vacuum tube circuitry (First Generation)
to transistors (Second Generation) to integrated circuits (Third Generation)
and now to large scale integration (Fourth Generation). In the third
generation systems, the separate components and wiring of the circuits
wer2 replaced by integrated circuits in which all the components and
their interconnections are produced in mipiature on a small ceramic 4
plate or silicon wafer. Each successive geﬁeration has made possible

faster speeds of operation and larger and faster stores of memory.

SOVIET COMPUTER INDUSTRY - CHARACTERISTICS

The problems which plague Soviet industry in general are serious .
and highly visible in the computer sector because of its potential role
in increasing the technological development of other industries and its
promised contributions to improving the operation of the Soviet economy.
as a whole. If the industry has problems, it is not for lack of atten-

tion from the Party or from the State. The computer equipment Whith
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has been produced and was available for inspection still appears to

lag Western equipment by a margin of 4 to 10 years, depending on the
equipment in question. In the areasof quality comtrol and miniaturi-
zation, it is often difficult to find the right terms of reference for -
lags of 10 years in some areas are not uncommon. | 'And in this context
such periods of time become meaningless. Looking back at the histori-
cal background to the current situation, Richard Judy, writing in 1970,
oBserved that

Soviet computer technology started in the early fifties with a
modest qualitative lag behind Western equipment. This lag length-
ened into a serious gap by 1964, when Soviet technology was greatly
inferior in all respects. Since 1965, with the announcement of the
new Ural and Minsk systems, and the BESM-6, the gap has marrowed
somewhat, Soviet computer technology remains quite inferior to the
best in the West. Quantitatively, the U.S. appears to have about
50 times as many computers installed as does the Soviet Unien which
lags behind the United Kingdom, France, Germany and Japan, as well
as the United States. The gap separating coutemporary Western

computer gsoftware and that employed in the Soviet Uniom is enormous. .,

The data gathering for Judy's study was completed in 1968, but other
research has extended the investigation of the technological level of
3 with the finding that the USSR's lag
in development of CPUs and peripherals was about 8 to 10 years behind the

. the Soviet industry through 1973

United States. Further work being carried out today by the industry-govern—
ment Technical Advisory Committee structure of the Department of Commerce
develops the opinion that while the Soviets have narrowed the gap in
numerous areas and are working hard om improvements in others, the

best that they can do is still 4 to 5 years removed from the state of

the art in CPUs, and 6 to 10 years in high speed-high capacity peripheral

devices. 1Iun the fast moving field of computer technology and related

I T N
12 Richard W. Judy, "The Case of Computer Techmology", im S. Wasowski,

ed., East-West Trade and the Techmology Gap ' (New York: Praeger, 1970),

p. 62. .

13 Robert Amann, Julian Coopers, and R. W. Davies, ed., The Techno-
logical level of Soviet Industry ' (New Haven: Yale University Press, 1977),
pp. 397 - 406.
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national security applications, a four year lag is significant without

being comfortable.

In the USSR, Party-government concern with the computer industry
was growiné during the decade of the 1960s, particularly with regard to
its status vis-a-vis Western computer technology. From all that we can
learn, there was asmple reason for the Soviets i:o have been concerned. 4
Directives for the 1966 - 1970 Five-"lear Plan approved by the Twenty-third
CPSU Congress in April 1966 officially recognized the Rremlin leader-
ship's concern about their computer industry. In the peculiar jargon”
of the i’arty_, the Congress mandated a national priority to "raise the
effectiveness of production on the basis of technical progress", aud to ‘
"make the greatest possible use of the advanced scientific and technolo-
gical achievements of foreign countries, while developing international
technical _cooperation."'s .

The relevance of these events may be aided if one recalls that between
the launching of the Soviet Sputnik in October 1957 and the ammouncement
of the RYAD computer series in 1969, the United States was marshalling
its immense technological, innovative, and production capabilities behind

" the country's space program &s well as in support of an ever mounting
involvement in the Vietaam War. Billions of dollars and untold manyears
of priority attention were being directed at improvements and new develop-
.ments in electronics, components, software, and related disciplines. With-
out the opportunity to s;lnread the funding of such programs over govern-
ment as well as private sector users, the U.S. industry could not have
financially sustained the burst of technological imnovation which mani-
fested itself, in part, in the quick introduction of third generation com—
puter systems and advanced peripheral equipment, and the.emergence of the
semiconductor and component industry as a viable independent innovator in

its own right.
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4 Heather Campbell, Organization of Research, Development, and Pro-
duction in the Soviet Computer Iudustty—(Santa Monica: Rand Corporation, 1976).

15 "Congress Directives for Five-Year Plan as Adopted,” The Current
Digest of the Soviet Press Vol. 18, No. 16 (May 11, 1966), pp. & - 6.
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By the late 1960s, political pressures in the Soviet Union began
to show the military-industrial elite's serious unease at the unclosed
gap between the USSR aud U.S. computer capabilities after a decade of
unfulfilled promises and large outlays of funds. The coming Five-Year .
~ Plan was to have ambitious goals for the application of computer techno-.
logy to improve industrial productivity, increase military preparedness
and response, and take the first steps toward a coordinated network of.
computer centers located throughout the Soviet Union which could chanmel
dats into the important periodic updates to the Plan, both at the State

and industrial sector levels.'® ’

Of the thousands of computers in use at that time in the Soviet
Union, the major groups —~ MINSK, URAL, BESM, RAZDAN, NAIRI -- were
neither hardware nor software compatible with one another. Worse yet
from the point of efficiency, many computers within the same manufacturer’s
" series differed due to design changes or obsolesence of earlier work.

It was a nightmare of diverse and incompatible machines with broad im-
plications on production, use, service, spare parts and long term
devélopment of systems networks within the USSR. In terms of develop~
ment, computers had beensdesigned before their applications had been
established: not an uncommon occurrence due to the acute fragmentation

of the research and development process. As the number of these diverse
(some of them hand-tooled, one of a kind machines) computers increased,
the availability of trained personnel became more acute. There was a -
critical shortage of programmers and service engineers. Technicians
trained on the wrong equipment, or programmers schooled on inapplicable N
software were put into the field. The computer industry and Soviet users,
already lagging behind plan and Western standards, bogged down further.

itiH LRI HHEH]

16 English language material 'is scarce covering Soviet plans for
their computer networks and data service centers. Some time ago, Bruce
B. Rarr of Harvard University authored a paper, "Patterns and Problems of
Research and Development in the Soviet Union: Computers During the 9th Five
Year Plan”, (Autumn, 1977). The paper was privately circulated for comment
but it is not known whether it was planned for publication.
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THE EDINAYA SISTEMA.(ES EVM) SERIES OF THIRD GENERATION COMPUTERS -

Despite the mandates of the Five-Year Plan and the Soviet govern~-
ment's use of various means to stimulate the progress of tixe computer
industry, results continued to fall well short of.the mark. More

‘ drastic measures were necessary. To make matters worse for the Kremlin,
by the end of 1969, some of the other socialist countries with developed
eléctronics industries, specifically the German Democratic Republic and .
Poland, were beginning to show signs of the will and talent to surf:asa
Soviet eff.orta." Thus the USSR faced the real possibility of being V
overshadowed by their own Eastern European allies in addition to.falling
ever furthe;- behind the United States and Western Europe: an undesirable

trend from the Kremlin's perspective.

These considerations, along with others, appear to have motivated
the Soviet govertiment to sign, in December 1969, a multilateral agree-
ment and separate bilatersl agreements with the governments of Bulgaria,
Czechoslovakia, the German Democratic Republic, Hungai'y and Poland for
the development and production of a mew line of computers to be known
. as RYAD, the Russian word for "series". Cuba joimed the project later,
in '1971. Computers in the RYAD series are designated by the Russian
acronym for Unified System, "ES". Since inceptiom, the RYAD effort is
administered through the Intergovernmental Commission of Collaboration
of Socialilst Countries in the Area of Computer Technology. The permanent
chairman of the Commission is a Soviet, M. Rakovskij, who, as Deputy A
Director of Gosplan, has the position from which to exercise great in-

fluence over the future of the Soviet computer industry. 18
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v Among the Eastern European countries, the Robotron organization
in the German Democratic Republic, the Tesla group in Czechoslovakia, the
ODRA series of Poland's MERA-UNION, and the Elka keyboard calculators of
Bulgaria were all active at this time.

18 In discussing the RYAD project, it may occur to some that there is
no mention in this paper of the important role of the State Committee for
Science and Technology (GKNT). Although the Committee:is active and powerful,
and plays an important role, its activities are covered in numerous publi-
cations. Heather Campbell's study cited above is a good example.
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Three and a half years after the signing of the agreement, claiming
that the design stage of the project was substantially completed; the
Soviets organized a large exhibition of RYAD equipment in Moscow in May
1973. What few Western observers could recognize at the time was that
the RYAD designs were far from complete. Much of the equipment was not
operation ready. Some models were no more than empty shells, dummy machines
displayed for effect. A great many (if not the majority) of the equipment
specifications were not backed up with production plans and schedules
geared to engineering documentation. Facilities and components had not
been finalized. The division of labor among the Socialist countries,
assignment of responsibilities with specific due dates, was not settled.
While the exhibition was a source of pride to the Soviet hosts, and provi-
ded a useful propaganda forum for the Sc.ovier.s, its major value now seems
to have been the stimulation of interest among Western firms to become .
involved in what the Russians did not tire of describing as "the enormous - .
untapped Soviet comi:uter market.”" Whether chiefly through Soviet design
or partially through Soviet planning aided by luck and timing, the stage
vas set for a new and important chapter in the infusion of Western tech-

nology to the USSR.

From the start, the RYAD project had a number of interesting aspects.
First of all, the series is closely modeled after the IBM System/360,
the pace-setter third generation computer system, and clearly the most .
successful computer system ever marketed, Given the severe weakness of
the Soviet software capabilities,one:can understand their decision to"
wmake the ES machines program (software) compatible with the IBM 360 series.
Having come late to a realization of the overriding importance of soft-
ware in the development and use of computers, the USSR was now interested
in avoiding the enormous investment in software for RYAD. With IBM
compatibility, the Soviet machines coidld use Western developed computer
programs with fio deed to reprogranm, and in most cases, without having to

pay for their use.

The choice of the IBM 360 as a compatibility objective offered several

major advantages. Although it is not known how each of these might have

28-558 O =178 -5
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figured in the Soviet decision process, they are listed below in the

order of their significance from a computer professional point of view.

1. Instruction Set Compatibility. Compatibility with the IBM 360
instruction set allows software written for the IBM 360 to be ..
executed on the RYAD machines. This includes not only the
operating software, but also applications programs written in
languages supported by the IBM 360 sdftware product set. It is
unknown how much of IBM goftware is currently incorporated into
the RYAD structure, but is is reasonable to assume that IBM
software has been available since the inception of the RYAD »
i:roject if for no other reason that there are thousands of IBM
360 installations located ‘around the world.

2. Spec_ification Development. The adoption of the IBM 360 instruc-
" tion set and input-output (I/0) interface eliminated any debate
over the external specifications of these two critical areas.
The independent development of such specifications could have
delayed the project by several years or more. It should be

noted that the basic documents required for specificationm
development—-the Programming Reference and the I/0 Interface
manuals--are readily available and not subject to U.S. export

controls.

3. Product Line Breadth. The success of the IBM 360 product line
which offered products ranging from small to large systems, most
upwardly compatible with minimal if any reprogramming required,
impressed the Soviets with the thought that many of their own
computer industry problems might be solved by an IBM 360 type

solution.

4. Peripheral Compatibility: The use of compatible peripherals is
a secondary but potentially key advantage related to RYAD
adoption of the IBM instruction set compatii:ility. Most of the
initial RYAD effort went toward CPU development, leaving the
program exposed in the area.of peripheral equipment. Despite
their concerted efforts, and all claims to the contrary, the

Soviets and their Eastern Buropean agsociates in the RYAD project -
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have failed to provide any significant volume of a medium capacity

disc drive, the work horse peripheral of third generation computer
systems. The Bulgarians have mastered (through means of questionable
legality in COCOM circles) the manufacture of a small capacity disc
drive, and one should assume that they will succeed in moving up to .
the medium capacity units without undue delay, given the availability
of key components or manufacturing capabilitiés for the compounents
somewhere in Eastern Europe or the Soviet Union. In any case, export
controls notwithstanding, standard IBM compatible peripheral subsystems

from Western suppliers could be used on RYAD machines.

As a éonsequence of the attention created by the 1973 RYAD exhibi-
tion in Moscow and the gradual relaxation of U.S. export controls which
‘came as one by-product of the policies of detente, the Soviets a.nd‘ the
Eastern El_xtoéeans :-- gained a greatly increased access to Western tech-
nology through contacts with private industry, govermment bodies, academic
and other technical exchanges, and increased infelligence operations.
Whatever good may be said about the Soviet regimg,ié is not troubled by
scruples when there is a job to be done. From the start of the RYAD
project dowm to thevl.)resent day, the Soviets have covered the spectrum
of activities — overt and covert, legal and illegal, commercial, diplo—
matic, and academic —— to strengthen their computer industry. Using the
vehicle of signed bilateral "Agreements on Exchénge of Science and Tech-
nology", protracied technical and commercial discussions for deals which
never come to conclusion after eacyclopedic technical interogation during
endless sessions, plant tours and seminars for Soviet "specialists" in .
the West, seminars and trade shows in the USSR and Eastern Europe, and.
careful scanning of the rich vein of Western technical and professional
literature; the RYAD program has been supported, corrected, and brought
onto its present and apparently now successful course. East European
officials have admitted in private to deliberately drawing up specifi-
cations for systems and machines and then disseminating them as widely as
possible to elicite the reactions of Western firms- and foreign specialists.
As often as not, the responses provide valuable clues to correct errors

in RYAD work and give- indications as to where Western technology is headed.
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When necessary, Moscow has exercised its quite considerable skill-in
playing on the ecomomic sensitivities of of NATO countries like France
or Britain, and the political sensitivities of Austria, Finland, and
Switzerland. 1In. the past, both the U;K. ‘and France have agreed to -
transfer computer and component technology which the United States export
control community would not have permitted. Once confronted by the proposed
transactions in COCOM, the Department of State concluded the political

cost to the United States should we veto the sales would be greater than

the potential breach of national security. The sales went through.

For a variety of reasons -—international commercial and diplo-
matic senstitivities, classification of background documents, non-
detection — the extensive Soviet and Eastern European espionage acti-~
vities related to computer technologies and components are seldom discussed
outside the government. On the whole, this is probably unfortumate. It
seems incontrovertible that in instances when the United States or COCOM
embargoes a legitimate sale, and when the item in question is critical
enough, the Soviets do not waiver om principal to pa); vwhatever pricé
is necessary to secure the goods. If a product, component, or document
cannot be secured by more or less direct and open means, and if the
pricrity is high enough; then the Soviet or Eastern European intelligence
agencies are engaged to-carry through. As with other eapionagé activities,
it doesn't have to be a Soviet citizen in the publicly active role. It

could be a Bulgarian, a Czech, a Pole,or:aniAmerican,

It is impossible to say precisely how many computers or what techmo-
logies have been smuggled into the Soviet Union in support of the RYAD
program, but one case may illustrate the sort of things which have gome
on.. Several years ago, the West German authorities arrested a local
Stuttgart data processing executive, Peter Lorenz, and charged him with
several violations of the statutes regarding illegal exportation of data
and computer equiément to the USSR. lorenz and his associates had not
only smuggled an IBM 360/40 and an IBM 370/145 out of Germany to the USSR

by disassembling the machines and carrying the parts out in trunks; they
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had provided follow-up services on technical documentation and even
engineering services while the Soviets were digesting their computer
a::qt.\:isi.t:im-ns.‘9 The Bulgarians, not to be outdone, have also been

active in the special operations end of the RYAD project. Their tasks -
seem to have been concentrated in securing technology and supplies of
components for disc drives and magnetic heads. 1In 1977, a U.S. citizen
and a West German national were arrested in Florida where they .were '
later tried for attempted espionage. Among the items on their shopping
list for shipment to the German Democratic Republic was computer peripheral
technology and engineering documentation. Eastern European and Soviet
interest in unauthorized eiports of .equipment and technology is significant
enough to occupy serious FBI attention and to require the full time
services of a special office for. investigations and compliance within

the Deparfment of Commerce's Office of Export Administratiom.

The relevance of RYAD related espionage and extra-legal actiouns
is not political. 1In that area, Soviet actions do not surprise. Rather
it raises good questions about whether the Soviets have in fact developed
a viable computer technology independent of the West or whether they are
sustaining its momentum by further infusions from abroad. One recalls
Sutton's skepticism of Soviet indigenous innovation in the production of
non-military items and his comment on the USSR's skill in copying,
importing, "reverse engineering", scaling-up, and so on. The RYAD case
is further complicated by recent Soviet confirmations of the RYAD II
project, a family of more advanced computers which will serve as the
follow on to the RYAD I. Just as the RYAD I family is patterned after
the IBM 360 series, the RYAD II is said to be patternmed on the IBM 370
series. Accurate and authoritative information on RYAD developments is
bractically nonavailable, and published and verbal sources have to be

accepted until proved inaccurate. .

19

W. David Gardner, "Reexporting: How Peter Lorenz Shipped IBM Hard-
ware to Russia", Datamation (January, 1975). See also Umni-Glaz, "The
Silicon Curtain,” Computer Decisions (September, 1977), pp. 30~34,
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The Soviet and Eastern European capabilities to innovate and
further develop their respective computer sectors independent of
significant product and technology imports from the West have trade and

policy implicatioms for the United States and NATO.

THE LINK BETWEEN COMPUTER.EXPORTS AND NATO -

From the experience of the past twenty years, it seems generally -
to be the case that America's NATO allies are less than enthusiastic
about the continued maintenance of a system of coordinated export
controls, and that the United States incurs political costs by main-
taining these restrictions. For the United States, export controls
have been based g generally long term considerations of national
security, although economic and trade considerations do play a role
in export license decisions. This is not the case in Europe, where it
appears that the NATO members tend to:trust the United States to hold
the line on really important strategic trade items ieaving the field
open for them to secure short term commercial advantages in the Soviet
and Fastern European market. Usually it is the European COCOM partners
who advocate relaxation of controls. In the case of computers, however,
there is an interesting, and likely temporary, departure. For the upcoming
COCOM list review in October 1978, it is expected that some of the NATO
allies will express their concerns that the relaxatioﬁ of controls not be
allowed to proceed too quickly in the computer fields. These concerns

have both trade and military aspects.

On the commercial side, Europe is well aware that the U.S. emjoys a
wide majority of advantage in the marketplace for large systems and high
capacity computer peripheral equipment. At the moment however, the Europeans
are suppliers of a large share of the Soviet Union's total (and declining)
imports of computers: mostiy smaller or specialized systems. Tﬁe Western
European countries are concerned that a relaxation of controls, by
releasing the upper end of the technology spectrum where U.S. product

exports have a competititve advantage, would cause Western European exports
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to be replaced by those from the United States. Such fears as now
exist have been heightened by the expausion of the RYAD program with

its base in IBM and U.S. oriented technologies and suppliers.

A second COCOM concern centers on military aspects of the East-. .
West relationship. The unremitting and impressive advances which the
Soviet Union has achieved in its military poition, and the enhance-
ments which these imply to the Warsaw Pact forces, have unsettled some
NATO officials for the first time in more than a decade. To a very
considerable extent, General Alexander Haig has made his point that
the Allies must increase their concern with preparedness and defense:
the theater balance is shifting in favor of the Soviet forces and
determined actions are necessary to counter and reverse the trends.
Soviet plans, centered on their concepts of "military cyberﬁetics",.
to extend computer technology to troop coﬁttol, battlefield intelligence,
and communications functions is causing the Europeans to reevaluate
their rélatively liberal past policies covering computer related pro-

ducts, couwponent, and technology sales to the Rast.

-THE EFFECTS OF EXPORT CONTROLS: THE U.S. PERSPECTIVE

Computers and computer technology have a value as items in inter-
national trade, and they also have military implications that warraat
governmental restrictions on their sale to actual or potential ad?er-
saries. Export control policy involves broad and difficult questions
concerning timing and "trade-offs" with respect to trade with both
communist and noncommunist countries. Tﬁe stakes are high and the
issues.extremely complex and acutely difficult to analyze. To the
extent that advanced technology and products with military applications
reach the Soviet Union prematurely-and diminish U. S. lead-time with
respect to.military capabilities, national security is compromised and
the "leakage' must be countered by increased outlays for U.S. and NATQ
defenées. Yet technological developments cannot be contained indefinitely,

and in most cases perhaps the most that can be achieved is some delay in
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these developments reaching the USSR. This concern with the "leakage"
of technologies and a suspicion that our lead in military significant
technologies vis—a-vis the Soviet Union may be slipping are reappeariné
themes in hearings before the. Congress and in Administration studies

such as the one now underway within the NSC.

-The essential policy problem of controlling exports, whether of
products or technologies, is to structure and manage the tradeoff
between the benefits we derive from such trade and the major . impli-
cations which the trade has for a real -or potential adversary. You
must always answer the key question of what effects the export will
have on the adversary? Suppose our exports can go to two different
sectors of the Soviet economy (military or civilian) and cam have two
different kinds of effects in either sector ("rescurce-freeing" or

".2 1n dealing with the Soviet Union, it always

"capability-enhancing
difficult and sometimes quite impossible to estimate with precision
how a given export will free or enhance internal resources and how such

freed or enhanced resources affect military capabilities.

Qur recent experience tells us that in light of the volume of U.S.
trade, the breadth of our national involvement in advanced technologies,b
and the lack of technical sophistication of most govermment officials
involved in export control decisions; it is nmot practical to advocate

"a case by case review of each transaction for its military implications

and economic benefit.

In 1976, when the Defense Science Board released its report on U.S.
export control policies, one of the key objectives was to stimulate '
debate on an effective national policy to cover export control of the
advanced technélogies without erecting as a by-product a cumbersome new

bureaucracy. The key findings and recommendations of the group are quite

20
(Santa Monica: Rand Corporation] 1974), pp. v-vi.

Robert E. Klitgaard, National Security and Export Comtrols,
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relevant to the subject and may be summarized as follows:

A,

D.

If the United States is to maintain its lead in strategic
technologies, exports of know-how concerning "ecritical tech-
nologies" and certain products related to them must be effec~ -
tively controlled. The categories of exports which should
receive closest scrutiny are: (1) arrays of design and manu-
facturing know-how; (2) "Keystone" m#nufactuting, inspection

and test equipment; and (3) products accompanied by sophisticated

operation, application or maintenance know-how.

While the more active mechanisms for technology transfer (e.g-,
turnkey construction projects and sales and licensing of tech-
nology) must be tightly controlled, product sales usually do

not result in the transfer of current design and manufacturing

technology and normally need not be so tightly controlled.

Tactics to protect U.S. lead time in strategic technologies must
depend on the technological position of the United States as
compared to that of the prospective receiving country. When

both the United States and the receiving country are on the same

" evolutionary track with respect to a given strategic technology,

export could be approved. However, when the United States’
position results from a revolutionary gainm, export controls

should focus on protecting all key elements of this gain.

Controls on product sales should emphasize their intrimsic
utility rather than commercial specifications and intended end-
use, Deterrents such as end use statements and safeguards should
not be used to control applications of design and manufacturing
know-how, Deterrents gemerally should not be relied upon to
prevent manufacturing equipment from being used for military
purposes. While deterrents may have some value with respect

to product sales, they should be supplemented by effective

enforcement techniques against violations.
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E. Key elements of technology that constitute revolutionary gains
should not be released except to COCOM countries, and any COCOM
nation that allows such technology to be passed on to any
communist country should be prohibiited from receiving further'
strategic know-how. The United States should release to
neutral countries only those technologies it would be willing

to transfer directly to communist countries.
)

F. The United States should pursue policies to strengthen the COCOM

system.

G. The Department of Defense should develop policy objectives and
strategies for the control of specific high technology fields,
and these should include the identification of the most impor—
tant elements of technology, including critiecal processes and

" key manufacturing equipment.

A central theme of the Defense Science Board's discussion, and one
which is being carried through all current deliberations on national
export policy is that the impact of technology on natiomal security

may be revolutionary or incremental -- depending on how it is exploited -~

‘and the military balance may be changed by improvement of older tech-
nology as well as by the development of the new. With reference to the
recent developments in the Soviet coﬁputer industry, it appears that the
facts and Soviet actions can support the view that the RYAD achievements
are largely imitative and not innovative in the usual sense of :hé term.
A knowledge of the international computer industry and long years of
working with the USSR support a second opinion that the Russians seem to
be casting the RYAD computer industry in the organizational and operating
mold of their only sustained technological success: the Soviet aircraft
industry. Regardless how they acquired the base technologies and skills
to launch the RYAD program, once the base is established, the Soviets can

apply their proved formula of centralized research and development, vertical
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integration of supply, incremental design changes, and extemsive

product development and testing. In short, they can do all the things
with their reformed computer industry which they have failed to accomplish
in the past. Obviously,‘che aircraft industry and the computer industry
are not the same. They have different methods, different dynamics. In
any event the experiment would be more in keeping with Soviet character
than Faking a risk at losing what momentum has been built in the RYAD
program. Finally, what is the implication for export control? Despite
the fact that the RYAD is based on what is "old" technology in the U.S.
context, it is a "mew" technology in the Soviet environment and through
incremental applications is likely to contribute to an expansion of
Soviet capabilities in the computer industry, including the application
of computer techniques to small and medium scale military systems. As
such, the developments could constitute a military enhancement and should

be subject to strict U. S. and NATO export controls.
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Senator Stevenson. Thank you, sir. Dr. Heiss.

STATEMENT OF DR. KLAUS P. HEISS, ECON, INC,,
PRINCETON, N.J.

Dr. Heiss. Thank you, Mr. Chairman. I will briefly summarize
my written réemarks. They comprise four points.

The first point is that the economists have found it very difficult
to measure the impact of R. & D. on the national economy. Essen-
tially, there are two schools of thought, one that attributes a major
share of the productivity increase in the U.S. economy since World
War II indeed to R. & D. and innovation. There is another school
of thought in the economic community which attributes the same
increases in productivity mostly to capital investments, labor, and
to a lesser extent to R. & D. and innovation.

The difficulty is to define an aggregate series, like GNP—gross
national product—and then to trace changes in GNP by relating
these to productivity time series. I believe this is an unproductive
approach to making a case for or against R. & D.

This uncertainty, however, has led, at the Federal level, to a very
serious lack in Federal funding of R. & D. I think one contributing
factor is this disunity in the economic community, its inability to
make up their minds as to the effect of R. & D. domestically, and
as I will show later, also with regard to international trade.

‘The right approach to assess the impact of R. & D. is at the sector
level, or the project-by-project level. For example, studies by Mans-
field, studies done by us, again and again indicate the great contribu-
tions that R. & D. have made, whether financed privately or by the
Federal ‘Government.

The second point is that due to this difficulty of relating domestic
GNP to R. & D. ECON recently initiated a research effort in trying
to tie R. & D. expenditures of the United States, including Federal
R. & D. expenditures, to the international trade position of the
United States by specific commodity classes—the standard indus-
trial classification—SIC—codes. In my written testimony, I have
summarized in graphical form some of the preliminary findings on
pages 93 and 94.

Fifteen industry classifications are shown there, grouped into three
areas. One, on the lower left, comprises essentially non-R. & D.
intensive industries. A broader area in the center of the page, and
finally, one specific industry, aerospace, way up in the right-hand
corner of the picture are also shown.

Plotted on the horizontal axis are the gross exports of each of
these industries as a percentage of sales, also listed on the preceding
table; so it is a relative measure of export intensity of each industry.

Plotted on the vertical axis of the same figure are research and
development expenditures, again as a percentage of sales—in order to
get around distortions of absolute scale.

What one finds is that R. & D.-intensive industries are typically
the most export-intensive and world trade-oriented sectors of the
U.S. industry; non-R. & D.-intensive industries make very little con-
tril:lution to the competitive position of the United States in world
trade.

28-558 O -8 -6
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One industrv, or sector, of the economy that is missing from this
page is agriculture, which again I consider to be a highly technol-
ogy- -intensive and R. & D.-intensive 1ndustry The public’s percep-
tion may be that farmers and farming are not technology or R. & D.
intensive, a wrong perception.

Senator Scamrrt. Do vou have an estimate of where the agricul-
tural industry would fall?

Dr. Hewss. No; we are trying to pin down these ficures for agri-
culture; they are dlfﬁcult to come by. If we succeed in 6 months we
hope to include that in this figure. It would just be nice to know
where precisely agriculture is in this context.

Senator Stevenson. But agricultural commodities are the largest
export——

Dr. Herss. Yes; with aerospace.

Senator Scumrrr. But the difficult thing is estimating what is the
R. & D. components of costs. I's that correct ?

Dr. Herss. Correct. Because agricultural R. & D. is done by non-
profit institutions, the Department of Agriculture. et cetera. It is
a verv diffuse R. & D. community in agriculture. Universities make
significant contributions, and the Asricultural Extension Service,
as well as others. Should we include all of those costs, or which part?

The second figure—page 94—is equally revealing. It is certainly
not done bv design. T mean these are the facts as of 1975, and they
are verv similar over the past 20 years.

This figure shows the net trade of each of these industrv groups for
the United States for 1975; what one finds are that where exports
exceed imports, these industries are nearly—I wonldn’t sav ex-
clusively—but nearly exclusively R. & D.-intensive industries. 'Again
aerospace is a major strong component of that export picture. The
non-R. & D.-intensive industries are acain in the lower left-hand
side—negative—portion of this ficure. For examnle. non-R. & D.-in-
tensive industries do run typicallv a balance-of-trade deficit.

Now it is verv difficult to statisticallv relate R. & D. to export
activities of each of these industries. We have performed. I think,
statisticallv verv meaningful exercises. In addition. we have also
tried to relate Federal funding of R. & D. performed by industrv to
this export picture, and our results today indicate that the relation-
ship is even stronger. that whatever correlation we found in cross
sectional data over the past 18 vears between R. & D.-intensive in-
dustrv and exports. if we onlv use federallv funded R. & D. in those
industries and relate it to their share in export activities, the corre-
lation is significantlv stronger than that of just total R. & D. per-
formed by each industry.

This contradicts some of the testimonv todav, that the case for
Federal R. & D. funding is weak, at least that is how T internreted
one of the comments made earlier. I think what. is happening here is
all too aquickly the formation of a consensus bv the economic com-
munitv along the lines that Government is inefficient. hence federally
funded R. & D. is inefficient. and if one just left it to industry they
wonld make vast use of R. & D. resources.-T think the case of the
United States in aerospace, in particular, contradicts that quick
finding.
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One should be much more careful before accepting such general,
negative findings. I think they are just not correct.

_ Senator Scamrrr. Just so we are clear on the chart, you are say-
ing on page 93, that you get the same result if you study Federal
R. & D. as a percent of investment or as a percent of

Dr. Hriss. Percent of sales. R. & D. as a percent of sales, and
+ federally funded R. & D. as a percent of sales. ‘

Senator Scamrrr. Any ratio of R. & D. to something would give
you the same result?

Dr. Heiss. Correct. That leaves out about $8 billion of Federal
R. & D. which cannot be allocated to industry, because it is performed
intramurally or by nonprofit institutions. That is not to say that the
knowledge doesn’t trickle down to industry, because these people go
from industry into such establishments and back again to industry.

So there is an additional factor here that is actually not reflected
in the figures that we are looking at, because we cannot allocate these
funds to specific industries.

Now the third point I would like to make concerns what has
happened to Federal R. & D. funding. I do have a breakdown of what
Senator Proxmire asked for before on page 96. If one looks at Fed-
eral R. & D. funding in constant dollars for the past 20 years,
grouped by 5-year periods, and expressed in second quarter 1972
dollars, one finds that total funding of defense R. & D. has dropped
from $50 billion in the first 5 years of the sixties, $50 billion again
in the second 5 years of the sixties. to $42 billion in the first 5 years
of the seventies, and now to $41 billion in the second 5 years.

These are absolute dollars. All we do is take out the effect of
inflation. If our posture in defense is that technology is the leading
edge, and not quantities of tanks and airplanes, how can we maintain
that posture with a 25-percent real cutback in these activities? These
are not annual observations, these are numbers aggregated over 5
years each, 10 vears in the sixties, and 10 years in the seventies.

Contrary to these adverse developments in defense, and even more
adverse in space, civilian funding of R. & D. by the Federal Gov-
ernment has significantly increased in the same timespan. It has
moved from $11 billion for the first 5 years of the sixties, to now—
proiected—$31 billion for the 1975-79 fiscal year period.

Total federally funded R. & D., again in constant dollars, is
around $100 billion for the 1965-89 period; this has dropped back
to $80 to $82 billion for the 5 years from 1975 to 1979.

More appropriate than constant dollar figures, I believe, are num-
bers that trv to relate the relative effort on research and develop-
ment activities to other activities in the economv. One such measure,
I truly believe, is the percentage of GNP we dedicate to R. & D. This
is shown in table 12a of my testimony. Here indeed I think lies the
maior weakness of the current Federal R. & D. budgeting process,
policy process, if not innovation process: We find that defense
R. & D.—in these relative terms. that is, how much of our total GNP
each year do we spend on defense-related research questions—has
been cut from 1.3 percent, roughly, to 0.6 percent; the relative em-
phasis we give to defense R. & D. has been cut in half. We would
expect at least a level number in our defense posture, if technology
based and not on number of tanks and number of planes.
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Civilian R. & D. has increased; it has increased by about 50 per-
cent in these relative terms. Space R. & D. has significantly dropped;
in fact, if you compare it to the second half of the sixties, space
R. & D. has dropped by a factor of 3.

The total funding of R. & D. by the Federal Government has
dropped from 1.9 percent of GNP to 1.2, or 1.23.

This has not changed in fiscal year 1979 despite the special
analysis submitted by OMB on R. & D. funding. The only thing
that has changed is the funding of basic research. If one puts in
an expected rate of inflation of 6 percent for the year 1979, I think
a low number, the funding of R. & D. by the Federal Government
has stayed level. It has not increased.

Senator Stevenson. The real increase in basic research is all in
DOD, is it not?

Dr. Hrss. Well, a lot of it; yes.

Now the fourth point: What would be my recommendations? One,
I believe that Congress should seriously assess whether the Federal
funding of R. & D. should not go back to levels of the 1960’s. This
would mean, in fiscal year 1979, a difference of between $10 and $15
billion of funding by the Federal Government, funding, not per-
formance, of research. This cannot be done overnight. It has to be
done over a period of years. But the issue is the current level of
funding by the Federal Government, is it the right one or was the
sixties level the right one? In addressing that question T would not
exclude too quickly and too flippantly the opportunities that space
research offers in that connection, for instance the space shuttle,
mentioned earlier, the application of using space technology to the
economic and industrial advantage of the United States. Some of the
configurations are familiar to the U.S. Senate on what the United
States could do in worldwide communications by using space as a
new base, which is akin to what A.T. & T. is today doing for the
United States domestically. It is this order of magnitude expansion of
space technology over the next 20 and 30 vears that can or cannot .
come about. The United States as part of its Federal policy should
define such goals and pursue them. It is not Appollo, it is no longer
prestige, it is pursuit of economic interests, things the United States
can do that no other nation will be able to do for the next 5, 10,
maybe even 15 years that is at the heart of new space R. & D. initia-
tives. That is one reason why we should do it.

Second, I do agree with the earlier remarks that privately funded
R. & D. in the United States is taking a wrong turn. I would propose,
following up on your hints, Mr. Baranson, an idea which is success-
fully being tried in ‘Germany, the formation of R. & D. venture com-
panies with special tax features. The process works as follows: The
Innovator or innovators have to go before the tax authority, the
local one, and state what new idea or technology they want to finance,
pursue, and then if successful, implement. The tax authorities then
coordinate the approval or nonapproval of that venture with the
Ministry of Research. If it is on the list of worthwhile things and
if the proposal submitted looks halfway technically decent—not
proven necessarily, but has a chance—then the venture is approved;
one consequence of such approval is that the venture companies can
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depreciate up to 2.5, or 8 times, the original investment made into
the venture before it is subject to corporate income and other income
taxation. ,

Now is this a subsidization? I think it misconstrues the very nature
of innovation, which I believe is additive to what we do, that is,
innovation is a “nonzero sum game.” Those who innovate add to the
wealth of the Nation. The only question here is when does the Fed-
eral Government come and dip into the company till and take out
money. Is it immediately after the first dollar of profit shows up,
or is it 2 or 8 years downstream when the venture is successful ¢

Now if the investment is a loss, the loss occurs to the investors,
one does not take away that risk, or what economists like to call
“revealed preference.” Whether it is a good idea or not, it is their
money ; there are no consequences to the U.S. Treasury if the venture
is a loss; the investors have lost their money, they are out of it.

It is only when the investment pays off that the researchers are
-allowed to have a threefold depreciation of the original investment,
before they become subject to income taxation.

Familiar to you may be OTRAG, the space transportation enter-
prise developed with private funds in Germany, which is essentially
such a scheme. I could not envision an OTRAG in the United States.
It would be an impossible venture under current U.S. tax and
economic regulations.

I would like to conclude my remarks with one last observation.
The depreciation and devaluation of the dollar is a very dangerous
approach to solving economic problems of the United States in the
world economy. It is like New York City coming in and trying to
devalue “New York currency” as a solution to its problems. There
comes an end to that road for a country that aspires to reserve cur-
rency status. The United States has to initiate substantive programs,
and one is in research and development. If not, the position of the
United States will become untenable. There are today hundreds of
billions of dollars held by foreign corporations, banks, and govern-
ments—at tremendous economic benefit to the United States—which,
if they don’t continue to accept dollars as a reserve currency, will
come back to haunt us; we can only overcome this with a strong
foreign trade position by the United States, and one area to main-
tain or regain that position is an inspired, forward-looking Federal
research and development program.

Thank you.

[The complete statement of Dr. Heiss follows:]
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R&D AND THE U.S. TRADE POSITION
Testimony by Klaus P. Heiss, President, ECON, Inc.
Presented to
Subcommittee on International Finance Committee
on Banking, Housing and Urban Affairs
and the Science Technology and

Space Subcommittee of the Senate Commerce Committee
Tuesday, May 16, 1978

Dear Chairmen:

Thank you very much for the opportunity to present my views to the Subcom-
mitees on International Finance,and of Science, Technology and Space. In my
testimony today I will (1) outline some of the difficulties of assessing

the impact of R&D on the national economy, (2) report on preliminary results
on the possibly strong link between k&D, including federal R&D funding, and
the competitive position of the United States in world trade, (3) highlight
the severe cutback of federal funding of research and development efforts in
the United States in the 1970s, a trend that has not been reversed in fiscal
year 1979 and (4) suggest a new initiative to create R&D venture corporations
that after review and approval by federal R&D institutions as to the signi-

ficance of their proposed research--would be allowed to depreciate a multiple
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(e.g. 3 times) the initial investment before being subject to federal

(corporate) income taxation.

My testimony is based on the considerable work that ECON has done in the
general area of evaluating economic impacts of R&D related ventures of
private industry and the government. Among others we have (1) developed a
cormunications specific econometric model to assess the 1ikely impact of
telecommunications R&D on the U.S. economy*, (2) developed innovative
approaches to assess the value of global information systems** and (3)
performed numerous economic assessments of federal R&D and technology
efforts. It is based on this experience and involvement that I feel deeply

about the issues raised below.

1.0 The difficulty of assessing the economic impact of R&D on the U.S.

economy. The expected economic impact of R&D is the advancement of the
level of productivity, and hence the improvement of economic efficiency.
To the degree that one economic system is more efficient than others, this
should also generate positive balance of trade effects, in the sense of
increased export competitiveness. However, in assessing R&D effects on
economic systems, it would be first necessary to measure the level of
*PhiTip Abram and Kan-Hua Young "The Effects of R&D in the U.S..Telecommu-

nications Industry", Astronautics and Aeronautics, May 1977 and ECON,
Estimation of the Demand for Public Service Communications, December 1976.

**David Bradford and Harry Kelejian "The Value of Information for Crop
Forecasting in a Market System: Some Theoretical Issues", The Review of
Economic Studies, October 1977 and David Bradford and Harry KeTejian "The
Value of Information for Crop Forecasting with Bayesian Speculators: Theory
and Empirical Results”, The Bell Journal of Economics, Spring 1978.
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productivity as a function of time and then try to trace R&D initiatives

to changes in productivity over time. Since R&D spending is but one of many
factors which can lead to an increase in the productivity level, it is

also necessary to isolate the effects of R&D from other factors. Theore-
tically, this analysis can be performed for the domestic impact of R&D at
the national (or micro) level or at various micro Tevels, such as a sector

of the economy, an industry, an individual company or an individual project.

Unfortunately, there is currently an important difference of opinion among

prominent economists as to the proper method of measuring productivity, and

hence the impact of R&D on phe domestic economy. The central issue of this
controversy, as seen from an applied point of view, is whéther productivity
can be measured at the nationé1 (macro) level with any degree of confidence.
This controversy can be seen in the positions of two schools of thought who
hold widely divergent opinions on the importance of productivity in the
American economy. It is this wide difference of opinions that leads many
to doubt.the credibility of national productivity estimates. A consequence
of this inability to measure seems to be a vacillation in the formulation
of forthright strong federal R&D (or technology) goals and initiatives
throughout the 1970s. This inability of economists to agree on proper
measures is confused by them as well as policymakers, with a persistent
doubt as to the efficacy’of R&D in economic systems and its overriding

importance to the long term position of the United States*.

*Helss, Knorr, Morgenstern, Long Term Projections of Power, 1973.
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The first position, presented by the bulk of the Titerature published in

this field, holds that increases in productivity have been a significant
factor behind the post war boom economy, The notable advocates for this
school, Dennison and Kendrick, though they admit the accuracy of the national
data used in their calculations is suspect, contend that these difficulties
can be corrected. Jorgenson and Griliches, members of the opposition, have
found that post war growth in the national output was almost all due to
increases in the labor force and capital expenditures and, as a result,
productivity gains were nearly insignificant. Though Jorgensdn and Griliches
have also admitted that national data are often inaccurate, importantly they
contend that Dennison et. al. were guilty of severe errors in aggregating

the national accounts, i.e., mixing apples and oranges.

We believe that the essential difference between the two schools lies not

in the data used nor in the quality of scholarship but rather in aggregation
techniques used. These slight differences in calculation extend to the many
other empirical studies that have attempted to find the national rate of
productivity growth. As a result, almost any economist who attempts to

link R&D to a national productivity estimate could vastly alter the final
results by using the various productivity time series currently available,
even if the choice were narrowed to one school of thought. As to the
political nature of this controversy it appears that the Départment of
Commerce and other federal agencies find it necessary to publish some esti-
mate of productivity though their results may be doubtful. Furthermore, it

appears that the Dennison-Kendrick position has gained wider acceptance
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since the concept of significant productivity growth is more pleasing than

the absence of such growth.

In part due to doubts over the national productivity estimates, some econo-
mists have approached the measurement of productivity and the impact of R&D
by individual sectors of the economy. The thinking is that the detailed
nature of such studies would remove at least some of the errors involved in
the national aggregation. To accomplish this task for every sector in the
economy would be very expensive. Moreover there exist complex interrela-
tionships between sectors that would be almost impossible to account for
without using national data. It appears, therefore, that given the current
abilities of economists, estimation of a credible national productivity

estimate--that would be universally acceptable--is impossible.

The question is not simply whether one desires a knowledge of the impact
of R&D spending at the national, sector, industry or project level, but
rather which level of analysis is more credible for a given purpose. As a
result of these concerns some economists have studied the impact of R&D

at the sector, industry, or project levels. When data are available and
the problem of sector aggregation is minimal such studies are considered
to be generally credible. The state of the art in this technique is
fairly well developed, both in the public and private sectors. One such
example is presented by ECON's telecommunications econometric model, speci-
fically designed to measure the impact of R&D expenditures on this sector

of industry. Large corporations and industry associations have frequently
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studied R&D performance at these levels in similar ways. In both govern-
ment and industry, project by project benefit cost analyses of R&D are
common. One of the foremost researchers in this field is Edwin Mansfield

(Edwin Mansfield, Industrial Research and Technological Innovation, Norton

and Company, New York, 1968). We must point out though, that there are

serious difficulties even at this level but we believe these problems are

.- mostly study specific and that methodology used to examine the impact of R&D

expenditures at the sector, industry or project level is generally acceptable

within the economic community.

The findings at the sector, industry or projéct level generally are strong,
and attribute anywhere from 20 to 50 percent of increased output levels to
the effect of R&D and technology. A note of caution however is advisable:
typically ventures known export to have been particularly successful are
selected for study of such ventures. Not studied to equal detail and en-
thusiasms are the many failures along the road of successful R&D, technology
and innovation. Yet, the general finding of a strong sector specific

impact of R&D is generally more accepted in the economic community than any

proven impact at the national, or macro, level.

2.0 The International Trade Impact of R&D and Technélqu.

Given the contradictory and unsatisfactory findings of economic research to
date on the role of R&D--and of federally financed R&D on the national
economy--ECON is currently investigating what we believe to be one of the

strongest empirical cases to be made for an active federal and national
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policy on R&D, and the process of innovation: the impact R&D and resulting
technology have on the competitive position of the United States in world

trade.

Given the long history of economic thought--expressed foremost by the great
Austrian economist Joseph A. Schumpeter--concerning the advantageous
position of innovative economics and enterprises due to their ﬁegree of
technological advantage, it is astonsihing to find how little empifical
research has been done in tying R&D and innovation to the international

trade position of the United States.

In the literature one may well distinguish between two broad theories of
the impact of R&D on the trade position of countries: the technology gap
trade theories and the product 1i1fe cycle trade theories. The first group
of papers and publications directly attribute trade flows to technology
gaps between countries. Foremost among exponents‘of this theory are
Posner (1961), Posner and Hufbauer (1966) and since then many others..
Underlying many of these investigations is, of course, the work by Schum-

peter on innovation, enterprise and economic systems.

The product 1ife cycle trade theories emphasize the market aspects of new
products, the initial advantage enjoyed by the new product company or
country, after awarying period of initial advantage, other companies and
countries will catch up with imitative products of their own in the same
field to gradually erode that advantage. Typical product life cycle

advantages last from seven to fifteen years.
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I for one am not sure whether the two theories are necessarily exclusive of
each other, quite to the contrary. However, the second set of theories

would emphasize the product and image aspects of marketing, rather thgn the
essentially innovative functions of R&D. To the extent that these latter
also are important this increases somewhat the difficulties of tracing R&D,
and innovation to the international trade position of the United States. The
foremost expdnent of the product 1ife cycle trade theory are Hirsch (1967)
based on work by Dean (1950), Linder ("preference similarity" trade theories),
Vernon (1966), Wells (1966) and Walker (1977).

The current research by ECON tries to extend and improve upon work which was

first presented in the Journal of Political Economy in February, 1967: in

the first section of a study by William Gruber, Dileep Mehta, and Raymond
Vernon, the authors investigated the impact of R&D expenditures on the trade
balance of the U.S. In particular, their hypothesis was that those indus-
tries in the U.S. economy which were characterized by an intensive R&D
effort were also the industries that performed well in terms of‘their
export balance. This is the very subject of today's hearings before these

two conmittees of the Senate.

The basis of this belief of advantage can either be attributed to the
technology gap or the product 1ife cycle theories of infernationa1 trade:
firms can compete with each other by introducing new or differentiated
products, which then enjoy transient monopoly status by virtue or the

time which would be nécessary in order to duplicate the research efforts



90

which led to their introduction. In addition, one can argue that a similar
kind of transient of market power would accrue to any firm that put its
efforts into process innovation with the objective of lowering costs for an
existing product. Therevare "rents" (unique advantages) to be had during
the time which it takes competitors to duplicate innovations (see Schum-

peter's explanation of profits in competitive market systems).

ECON 1s currently trying to update and improve on the work by-Gruber et. al.
in a couple of ways: firstly, we want to make another sampling at a more
recent date so as to reverify the original findings and to check that the
relationship which was presented for 1962 is currently affecting the U.S.
trade balance. Secondly, we are trying to improve on the measures of export
intensity and R&D effort. If one takes the results by Gruber et. al. at
their face value there are two possible interpretations. One might suggest
that the current Tevel of R&D effort affects the current trade posture.

This tends to contradict the hypothesis that Gruber et. al. are attempting to
establish, namely thatvthe lags between expenditure of research resources

and the appearance of new products is the source of the superior market
position in newly developed products. On the contrary, one might interpret
their tests as a corroboration of the existence of an ongoing or steady state
1ink between research effort and the trade balance. With this interpretation
one must still fault the test presentgd by Gruber et. al. in that the data
for any particular year should coﬁtain a large component of “noise" obscuring

the long run relationship.
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‘A fair summary of the preliminary results are shown in Table 1 and Figures 1
and 2. The average R&D efforts and trade performance by 15 SIC Level II °
product groups over'the time period 1958 to 1975 are shown in Table 1. By
far the strongest performers with regard to R&D and export share of sales

are aircraft industry and (nbne electrical) machinery (which includes
computers), The net trade position of R&D intensive industries is dominated
by aerospace, when compared to non R&D intensive industries. In Figure 1

we show the relative (percentage of sales) trade intensity of 15 specific
United States industries (exports and net trade) while on the vertical axis
we show the research intensity of that same industry (again R&D expendi-
tures as a percentage of total sales). Whether expressed in terms of exports
over sales or net trade ﬂexports minus impbrts for Level II SIC code commo-
dity groups) we fiﬁd that by 1975 fhe significant contributors to the balance

of trade are nearly exclusively research and development intensive industries,

vwhile industries with littie-research and development funding, make hardly
.any contribution to U.S; exports and show a substantial import deficit.
These results are so strong, statistically, that indeed this finding must be
considered a strong coﬂfirmation of the school of economic thought that has
tried--or claimed-- to establish strong empirical relations between R&D and
the national economy.' 1f one included in this listing agricultural trade--
another R&D and technology intensive sector of the U.S. economy--the results

would even be stronger,

We are currently extending our investigation to tracing federal funding of

R&D to these same product groups in international trade. Preliminary
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TABLE 1 AVERAGE R&D EFFORT AND TRADE PERFORMANCE, 1958-1975

EXPORT-

Qoo | eanerame | EXPORT | upog
EMPLOYMENT SALES
TRANSPORTATION(37) 8.60 6.14 7.16 2.16
AIRCRAFT (372) 24,18 12.92 11.45 10.13
NON-AIRCRAFT (37_) 2.66 2.16 5.60 -0.77
ELECTRICAL MACHINERY (36) 7.44 4.98 4.48 1.37
INSTRUMENTS (38) 4.83 - 3n 9.14 4,98
CHEMICALS (28) 3.23 4.09 6.98 4.99
DRUGS (283) 4.29 6.62 5.63 4.15
NON-DRUGS (28_) : 3.03 3.68 7.35 5.24
MACHINERY (NON-ELECTRICAL) (35) 2.94 2.00 12.92 2.77
RUBBER AND PLASTIC (30) 1.30 1.17 2.79 0.17
STONE, CLAY, GLASS (32) 0.87 0.60 2.43 -0.39 .
PETROLEUM AND COAL (29) 0.80 4.53 1.18 -1.n
FABRICATED METAL (34) 0.65 0.56 3.77 2.01
PAPER (26) 0.65 0.58 4.40 -3.67
PRIMARY METALS (33) 0.56 0.47 3.59 -3.79
NON-FERROUS (333) 0.67 0.62 3.96 -5.45
FERROUS (33_) 0.48 0.40 3.38 -2,91
FOOD (20) 0.20 0.34 2.79 0.61
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results indicate that the relationships between federal R&D and the competi-
tive world position of the United States is éven stronger than the statis-

tical correlations found between total R&D and these same product groups..

Given the strong link between R&D and the international trade position of

the United States the formulation of an active, forward looking R&D policy--

particularly of applied R&D and its demonstration--by the federal govern-
ment as well as industry must be regarded as one of the cornerstones to

preserving the future international trade position of the United States.

Such an active R&D policy would be an expression of substantive economic
po]icy,_rather than policies that concentrate on monetary and fiscal stop
gaps. This process is not one of immediate results and success, but is

required and has to be pursued with persistence over the next decades.

3.0 Needed: A turn-around in federal funding of R&D. Much has been said

about thé role, or non-role, of the federal government in the pursuit and/or
financing of R&D, including industrial R&D. The special‘analysis of the
Office of Management and Budget of Fiscal Year 1979 of federal funding of
R&D in the United States paints an overly optimistic and rosey picture of
what has or has not been done in this area by the federal government*. Al
too hastily the analysis claims that R&D funding has been increased and
turned around. This, however, 1s just not the case. Table 2 and Figure 3
show that in constant dollars (second quarter 1972 dollars) total dollar

*0ffice of Management and Budget, Special Analyses-:Budget of the United
States Government, Section P--Research and Development, GPO, 1978.
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Table 2

TRENDS IN CONDUCT OF R & D BY MAJOR PROGRAM AREA: 1960-1979
(obligations in billfons of dollars)

(constant 2nd Quarter 1972 dollars)

Year Defense : (otheE1:;;132pace) Space Total §$r°§§§
1960-1964 50.9 1.4 13.8 76.1 1.89
1965-1969 50.6 19.3 28.7 98.6 1.94
1970-1974 42.7 o a0 14.3 81.1 1.39

1975-1979 40.9 3.4 10.5 82.9 .24




Figure 3: )
2ND QUARTER IMPLCIT GNP PRICE DEFLATER SERIES
TRENDS IN CONDUCT OF FEDERAL R&D BY MAJOR PROGRAM -
CONSTANT 1972 DOLLARS*
{2nd QUARTER)

TOTAL

DEFENSE

CIVILIAN

SPACE

1980

*Using.an quarter implicit GNP price deflater series, assumed
information 1978: 6 percent, 1979: 6 percent.
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funding of R&D has decreased by 25 pércent in the 1970s when compared to the
1965-1969 period. Defense funding for the decade of the 1970s has decreased
by $20 billion ($10 billion in each 5 year period), i.e., 25 percent when
combared to the 1960s. - The space R&D effort (accepting OMBs definition) has
decreased twofold when compared to the late 60s. The only positive develop-
ment in this table is the three fold expansion of civilian R&D, from $11 bi1-
lion to $31 billion.

The surprising fact from these figures is that the area where some of the
answers would seem to come most difficult to the federal government, namely
the funding of civilian R&D, the performance by the federal government over

the past twenty years has been in the right direction.

It is in the two areas where one would think a strong national leadership
by the federal government would come easiest (in defense and space), where
an absolute dollar funding cutback of major proportions has occurred in the

70s, and this trend has not been reversed in fiscal year 1979. The question

is whether this continued stagnation--and continued cutback when compared
to the 1960s--is a deliberately considered federal policy, or whether this
is simply an accidental, inadvertent happening due to "money illusion" a
term used by economi;ts to describe the perceived--but illusory--income

increases at level of 2 to 3 percent inflation.

Misdirected as this overall trend of relative emphasis is, the message

becomes more alarming when seen in terms of Table 3 where the relative
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Table 3

TRENDS IN CONDUCT OF R & D BY MAJOR PROGRAM AREA: 1977-1979
(obligations in billions of dollars)

(as precent of GNP)

Year Defense Civilian Space Total
1960-4 1.27 .28 .34 1.89
1965-9 1.00 .38 .56 1.94
1970-4 .73 .41 .25 - 1.39

.1975-9 .62 .47 .15 1.24
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emphasis given to R&D in the economic system is shown--as a percentage of
GNP. Defense and space R&D activities have both been cut dramatically,
defense by over 50 percent (1.27 percent to .62 percent) and space by

over 70 percent (frqm a high of .56 percent to .15 percent). While some
may consider this cutback of defense and space related R&D as not too
worrisome, it is nevertheless the R&D performed by industry in these speci-
fic areas which has led-to the most dramatic and strongest trade positions
of the United States over the past 20 years: Aerospace, R&D and its many
spinoffs to other economic sectors, computer technology, cryogenic multi
layer insulation, gas turbins, integrated circuits, communications techno-

Togy, etc. ..

4.0 ‘The Concept of R&D Venture Corporations. Under point 5 of your

letter of invitation ydu raise the issue of "How can R&D investments be
increased and directed towards improving the t.$. trade position in high
technology fields?" my single answer if 1imited to one, is to make up and
turn around a nearly $15 billion R&D funding gap (FY 1979 dollars) that, by
accident or design, -developed in the 1970s. '

Another suggestion is to be somewhat {nnovative in institutional, fiscal

and other matters with regard to fostering 1nvestment§ in new R&D by private,
{ndustrial sectors of the U.S. economy. I specifically suggest that
ventures performed therein in the pursuit of R&D be allowed a multiple
write-off for the initial investment. Such schemes are currently in use in

European countries (Germany)., They are not schemes of subsidization, but
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rather recognize the non-zero sum-character of innovation: if investments
in innovation are made and pay off, they are a net addition to the wealth
of a nation, rather than side payments from one pocket into others. Hence,
given tdx incentives in the form of multiple depreciations df the initial
investments (e.g., three fold) only means that the government's 48 percent
share of gains from such innovations are deferred by possibly one or fwo
years, if and only if the venture is successful. In case of unsuccessful

ventures it is still the investors, loss, as it should be.

This innovative institutional arrangement for R&D ventures;-which would
have to be approved beforehand by the government to qualify for such tax
regulation--has led among others in Germany to the development of space
transportation ventures (OTRAG), ventures which in the United States under
tax laws and economic thinking today are simply not possible. This higher
degree of economic sophistication in economic matters is a greatly needed
ingredient to assure a future strong role of the United States in inter-

national markets.

5.0 Conclusions. These matters are extremely serious: while currently

a widespread school of economic thought in the United States takes pleasure
in recurring to devaluations of the dollar to solve international balance
of paymetns problems, may I point out that the United States has a tremen-
dous stake in the international monetary system to be safeguarded. As of
today hundreds of billfons of paper dollars are heid by foreign institu-

tions, private investors and governments, the dollar still being the foremost
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international means of exchange and reserve. The benefits the United States
derives from these dollar paper and accounting holdings aboard surpass in
magnitude many fold any benefits other nations derive from foreign aid prog-
rams the United States is financing today. Rather than a giver of foreién
aid the United States has been a massive recipient of foreign aid throﬁgh-
out the 1970s in the form of these persistent, massive balance of payments
deficits. It is this aspect that I believe is somewhat overlooked too
quickly when discussing the seriousness of the need for a stable dollar in
world currency markets, This stability can only be maintained with a

"substantive domestic and foreign economic policy by the United States. Part

of that substance has to be an innovative aggressive forward 1ooﬁing R&D

policy by the federal government, as well as industry. On the federal

side the turnaround in the substantial decreases of federal funding of

R&D has to be achieved. On the private side, some innovative institutional
approaches are necessary to maintain and increase the rate of fnnovation.
This might be accomplished by allowing R&D ventures to urite off multiples
of their original investment before being subject to federal income -
taxation. This approachAseems to be successful in Europe, and it is time

the United States took similar initiatives.

Thank you very much for the opportunity to present these views of your

committees.
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Senator Stevenson. Thank you, sir. Do your statistics include
comparative figures on R. & D. for other countries?

Dr. Hess. No. We only studied the United States and their ex-
ports. OECD is currently undertaking a major comparative study. I
believe the University of Sussex is one of their lead centers for
that investigation. But I believe their results will not be available
soon. It is tremendously complicated to make international com-
parisons, it is difficult enough to study the U.S. data, let alone to
truly study international comparative data. The OECD is undertak-
ing a major exercise there. Its findings show the same results for
the United States; their preliminary findings are identical to what
I just said. :

Senator SteveEnsoN. Dr. Steele.

[The prepared statement of Dr. Lowell W. Steele follows:]
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DR. LOWELL W. STEELE
MANAGER OF RESEARCH AND DEVELOPMENT PLANNING
CORPORATE RESEARCH AND DEVELOPMENT
THE GENERAL ELECTRIC COMPANY

BEFORE THE
JOINT HEARINGS OF
THE SUBCOMMITTEE ON INTERNATIONAL FINANCE
OF THE COMMITTEE ON BANKING, HOUSING AND URBAN AFFAIRS
AND
THE SUBCOMMITTEE ON SCIENCE, TECHNOLOGY AND SPACE
OF THE

COMMITTEE ON COMMERCE, SCIENCE AND TRANSPORTATION

MAY i6, 1978

Mr. Chairman and Members of the Subcommittees.

My name is Lowell Steele. I'm Manager of Research and Development Planning
for Corporate Research and Development in the General Electric Company. 1
appreciate this opportunity to appear before you today to address some of the
questions you have raised regarding the relationship between investment in research
and development, U.S. technological leadership, and our position in international
trade. Needless to say, the questions you have raised are exceedingly complex
and there are no definitive answers. If that were not the case, there would be

no need for this hearing. One of the serious impediments to better understanding
and more effective policies in this area is the scarcity of reliable, relevant infor-
mation. In many cases, one is forced to draw inferences from indirect evidence,
to make judgments based on exceedingly limited data and, often, we are reduced

to relying on judgment based on experience.

I'm delighted that this committee has chosen to focus on the broad effects of
Federal policy on U.S. technological competitiveness. As you will see from my
comments, [ believe it is important to address the questions you have raised in

the context of these more general policy considerations. Our goal is to achieve

the economic vitality and competitiveness which flows from the entire innovation
process, that is to say, the process of conversion of scientific advance to commercial

application. Effective action may well be in improvement of more general areas
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of economic and other Federal policies affecting the investment climate rather
than direct measures to stimulate R&D alone. We need to include in our purview
all of those elements that affect the efficiency and magnitude of U.S. innovative

effort, not just the R&D portion.

My comments this morning will be divided into five parts. First, I will examine

some of the evidence relating R&D, economic performance and international com-
petitiveness. Second, I will review the trends in the domestic situation with respect
to industrial research and development, productivity and output growth, and capacity
to invest. Third, Federal policies that affect innovation and economic growth will

be discussed. Fourth, I will consider some of the concerns and issues that are related
to international technology transfer. And, finally, I will suggest some policy changes

that could lead to improvements.

* X K X * X

R&D, ECONOMIC PERFORMANCE, AND INTERNATIONAL COMPETITIVENESS

In the most general sense, success in foreign trade is governed by the principles
controlling any form of trade - in order to succeed one needs some form of com-
petitive advantage. It is unlikely that one can be successful internationally in an

industrial sector in which one is weak or inefficient domestically.

Consequently, we can get some insight into the question of the relation between
R&D and exports if we begin by looking at economic performance of various sectors
of industry for the major industrial countries. Table I presents such data (taken
from a draft report of the NSF). R&D intensity*of an industrial sector is expressed
as a percentage of value added; i.e., the value of the productive services used to
produce a given output. Within each country, it appears that higher levels of R&D
are generally associated with higher growth in labor productivity and industrial
production. It is noteworthy that the average export growth ratio for the R&D-
intense sectors was higher than other OECD manufactures exports between 1968
and 1976 - 4.17 compared to 3.83.

Only enterprise-funded R&D is used since recent economic studies have
failed to trace any growth in productivity to government-funded R&D.
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Another examination of international trade in technology-intensive products has
been made by the Office of Economic Research in the Department of Commerce.
Using a more rigorous definition of technological intensity than had been used

heretofore, that study shows

- a growing percentage of high-technology products in our manufactures
exports -- 42.5% in 1974 compared with 40.5% in 1968;

- faster growth of U.S. technology-intensive exports relative to non-
technology-intensive -- 10.7% annual average between 1968 and 1974
compared with 9.2%, and

- a generally increasing U.S. positive trade balance for the technology-
intensive products group -- $5.7 billion in 1968 compared with $13.8
billion in 1977 -~ compared with a negative balance for nontechnology-

intensive products.

These findings generally lead to the conclusion that technologically intense products
do better than average in international trade, but they do not provide a direct answer
to the technoldgical leadership question. A more direct approach might be to look

at trends in the international competitiveness of our products in terms of trends

in our share of OECD export markets.

From a businessman's point of view, the best single measure of competitive perfor-
mance and the most reliable indicator of future business success is the market
share trend. The previously mentioned Commerce Department study found a U.S.
share decrease from 28% to 23% between 1968 and 1974 for technology-intensive
products. And Table II shows that our 1976 share levels in the R&D intensive in-
dustry sectors are well below those of 1968.
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Table I

U.S. Market Share for R&D Intensive Industry Sectors (%)

1968 1976
Chemicals 22 ‘ 17
Electrical Machinery 22 19
Nonelectrical Machinery 27 24
Total Manufacturing 20 16

So, regardless of who has the lead in technology, the long-term trends in com-

petitiveness of U.S. products in world markets are not what we would like.

Since it appears that more R&D intense products do better in overall trade balance
and growth of exports, one might be led to the conclusion that if we simply increase
our R&D levels, we could grow our exports even more rapidly. But the argument
might well be made that R&D intensity is simply a concomitant of growing markets
and high exports -- that these industries do more R&D because they are more suc-
cessful in both domestic and international markets and have higher profit levels

to plow back into R&D. Or, it might be claimed that the better performance is
coming from relatively more sophisticated managements and work forces --or from
higher levels of investment in more modern plants and equipment which permits

higher quality, lower priced products.

[ am convinced that all these statements are true. Companies do more R&D when
the competitive environment supports it, the industrial infrastructure facilitates
it, the profit opportunity motivates it, and when they can afford to invest more.
It is important to keep in mind that R&D is an investment - a relatively, risky,

long-term investment. Unless there is a reasonable prospect of a future return
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commensurate with the risk, the investment will - quite properly, in economic
terms - be regarded as unattractive. Businessmen do not stop investments in R&D
because they lose their nerve, but because they see alternative investment oppor-

tunities that appear more attractive.

We all too frequently forget the fact that many - probably most - attempts at
innovation fail. When they do, people get hurt. They lose their jobs, they lose
their savings, stockholders see their equity eroded or destroyed. Unless the cal-

culable potential return is significant, innovation will not flourish.

And, of course, investment in R&D is only a first small step in the innovation
process. Before new products or processes can be exploited, it normally is neces-
sary to make much larger commitments to facilities and machines, train gmp]oyees
in new skills, and so on. Thus, without the availability of money to create both
knowledge and tangible capital, businesses simply cannot enter into the innovative

process.

Maintenance of technological leadership in an industry may not depend so much

on the conduct of a relatively high level of in-house R&D as on a balanced invest-
ment program in application of advances from all areas. And balanced business
investment depends on the financial ability and economic incentives for an industry
to invest in the future -- to take advantage of available advances in technology

to modernize its plants and tools and machines needed to improve its productivity

and product quality -- to invest in the longer-term future.

Dr. Bela Gold's recent testimony before this committee painted the sad picture

of how we have lost our technological lead in steelmaking to the Japanese. While
we were "jawboning" the U.S. steel industry to hold down its prices to "control”
inflation, the Japanese were making the investments needed to revolutionize their
steel industry. Now the world's technological leader in steelmaking, Japan can

be expected to dominate the world steel export market through 1990. U.S, Steel

Corporation reports that breakeven price for major U.S. producers is 128% of

28-558 O -178 -8
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Japanese producers. Our steel labor costs per ton are 86% higher than for Japan,
and it has been estimated that our 1976 steel imports cost us 100,000 steelmaking

jobs.

The steel industry story helps to demonstrate the importance of longer-term invest-
ment in both knowledge capital and tangible capital in order to provide the tech-
nological innovation that increases productivity and keeps an industry competitive.
The value of separating out the so-called technology intensive products for analysis
should not be misinterpreted. While this allows us to compare performance of
businesses as a function of R&D intensity, we must not overlook the fact that tech-
nology development and innovation can be critical to any business if its innovation
investment levels allow it to fall behind its competition. The key factor in main-
taining a viable business is to be able to anticipate accurately and respond to market
forces in a timely manner and to make the necessary investments to keep up and

occasionally lead the competition.

Some of the characteristics of businesses with high R&D intensity are that markets
typically are growing and products are changing more rapidly than is true of most
businesses. High R&D is simply essential to staying in the business. As a given
business or product line becomes more mature, R&D intensity may decline, but
there is still a need for process R&D and investment in innovation -- to allow for
continuing quality and price improvement. When businesses reach these later
stages of maturity, products become more commodity-like and price becomes a
much more dominant factor in determining which firm captures the market. These
mature businesses are thus much more sensitive to fluctuating economic conditions.
This helps to explain why we have seen a stronger and more stable performance

in international trade by our high-technology businesses. But it also demonstrates
why we must concentrate on providing the economic environment in which incen-
tives and ability for continued investment in innovation are adequate to sustain

international competitiveness across the board.

While performance of our high-technology products in international trade has been
good, there are signals that cause concern for the future competitiveness of all

U.S. manufactured products. And we must not forget that the U.S. domestic market
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is increasingly subject to international competition. As you know, there is a strong
trend toward foreign investment in U.S.-based production and marketing capacity.
Also, the heavy growth of patenting activity by foreign residents is a precursor

to increased foreign entry in U.S. domestic markets.

So what are some of these signals that cause concern for the future? Speci-

fically, they are

- trends in industrial investment in R&D
- trends in tangible capital investment, productivity and output growth
- trends in industry capacity to invest

- trends in Federal policies affecting innovation.

TRENDS IN R&D EFFORT

Two issues are important in considering current trends in industrial R&D.
First: Is the level of R&D effort adequate to sustain technologically strong and
internationally competitive industries? Second: Is effort in innovative, longer-
term, growth-oriented projects balanced properly with defensive, evolutionary
technological improvement and regulatory compliance activities?

As you know, U.S. enterprise-funded R&D effort has been gradually increasing
in terms of constant dollars, but it is not quite keeping up with the growth of
GNP (Table IID).

Table 1l

U.S. Enterprise-Funded R&D

Constant 1972 Dollars Percent of
($ Billions) GNP
1970 11.4 1.06
1975 12.1 0.98

1978 12.7(est.) 0.91
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And if we look at U.S. effort in comparison with our two major international com-
petitors, Japan and Germany, we find cause for concern. Comparing on the basis

of total national R&D expenditures that are aimed at economic development and
advancement of knowledge, we estimate the U.S. effort in 1976 was 1.13% of GNP
compared with 1.63% for the FRG and 1.80% for Japan. The discrepancy between
these figures and those commonly seen is explained by the fact that almost half

of the U.S. effort is spent on defense, space and socially-oriented activities while
virtually all of Japan's and about three-quarters of German R&D are aimed at econ-

omic development and advancement of knowledge.

More important to maintaining technological leadership is the fact that our longer-
term R&D appears to be suffering more than the near term. R&D managers report
a heavy shift in emphasis to shorter-term, defensive projects aimed at incremental
or evolutionary change and regulatory compliance. One major chemical company
recently reported that 20% of its 1976 R&D budget was to meet Federal regulatory
demands.

Further evidence of the shift toward shorter-term emphasis in industry R&D is
the declining support of basic research. According to NSF data, constant dollar
funding by industry fell by 21% between 1966 and 1976. This decrease was accom-

panied by a drop of 77% in Federal support for basic research in industry.

While we can only speculate as to the effects of this reduction in longer-term,
high-risk investment, we do know that some of the most striking and useful inno-
vations often arise from basic work. In one area - solid state physics - shares of
four Nobel Prizes have been awarded to industrial scientists. It is no coincidence
that the fruits of this science have led to U.S. dominance in solid state technology.
The transistor, the superconducting magnet, the electroluminescent display, the
new magnet materials, the large-scale integrated circuit and all the rest of a multi-

billion dollar industry stand as testimony to the effectiveness of that enterprise.

Although, according to NSF, industry performed more basic research than the uni-
versities in the 1950s, the universities now do more than three times the amount

of basic research done by industry. There is thus the possibility that we shall move
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into an age of two or more scientific cultures, university science and the others.
To a large extent this division occurs in Great Britain. The gap may be a signifi-

cant factor in their inability to bring scientific advances to the marketplace.

TRENDS IN INVESTMENT, PRODUCTIVITY AND OUTPUT GROWTH

As I stated earlier, maintenance of a viable and competitive business requires a
balanced investment program in both R&D and tangible capital. So our lagging
investment in R&D is only part of the story.

A study by the U.S. Treasury covering the period 1960-1973 shows the U.S. lagging

other nations in investment, economic growth, and productivity growth (Table 1V).

Table IV
Investment Output Productivity
Ratio Growth Rate Growth
Percent
of GNP Rank Percent Rank Percent Rank
Japan 29.0 1 10.8 1 10.5 1
West Germany 20.0 2 5.5 3 5.8 3
France 18.2 3 5.9 2 6.0 2
U.K. 15.2 4 2.9 5 4.0 4
u.S. 13.6 5 4.1 4 3.3 5

It is not surprising then to find that our performance in the export of manufactured
goods has not kept pace with competition. The following table (Table V) shows
that between 1968 and 1976, the growth of exports for each country is in rather
close correspondence with its relative performance in terms of investment, output
and productivity growth shown in the preceding table (Table IV). Growth of U.S.
and U.K. exports was far below that of the other major competitors, and the U.S.

lost its position as the world's leading exporter of manufactured products. It is
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painful to note that had we maintained our share of the manufactures export market
we would have realized an additional $17 billion in exports in 1976. Furthermore,
based on the estimate that each $1 billion of exports creates 40,000 U.S. jobs, we

would have been able to employ an additional 680,000 Americans.

Table V

Exports of Manufacturers

1968 1976
% %
Market Market Growth
$B Share $B Share Ratio  Rank
Japan 12.2 10.1 64.6 13.5 5.30 1
FRG 22.3 18.5 90.7 18.9 4.07 3
France 9.4 7.8 43.0 9.0 4,57 2
U.K. 12.7 10.5 38.3 8.0 3.02 5
u.S. 23.8 20.0 77.2 16.1 3.27 4

Currently, the Council of Economic Advisors says a 10% per year increase is needed
over the next several years to achieve our national goals in terms of jobs, economic
growth, and a balanced Federal budget. However, the Commerce Department
forecasts only a 5.5% increase in 1978.

TRENDS IN INDUSTRY CAPACITY TO INVEST .

Our lack of growth of investment may appear puzzling when one reads in the papers
about how industry profits have been increasing rapidly. But if we look at the in-
vestment record in comparison with effective returns on equity capital as displayed
by Figure 1, we see a striking correspondence. The shape of the investment curve
at the top follows very closely the shape of the earnings curve at the bottom of

the figure.
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Figure 1

GROWTH IN REAL BUSINESS FIXED INVESTMENT

(Rolling 4-Year Average)
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After-tax Returns on Equity Capital represent
the sum of after-tax profits (adjusted for under-
depreciation and inventory gains) plus the reduc-
tion of the real value of debt due to inflation
expressed as a percent of capital stock valued
at replacement cost. Data pertain to non-
financial corporations, not cyclically adjusted.
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Of course externally generated funds also are extremely important in considering
trends in industry capacity to invest in R&D and innovation. Their importance
is magnified by the fact that they are often the only source of capital for starting

or expanding the smaller, more innovative firms.

The New York Stock Exchange reports that risk capital has been going down by
$6 billion per year, and Figure 2 shows data reported from a member survey by
the American Electronics Association. Reflecting the drop in risk capital avail-

ability, the 1971-1975 period was the poorest of the prior 20 years.

Figure 2

Average Capital Raised By Companies Founded in the Period
($000's)

(Constant 1972 Dollars)
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We also know that the number of successful public issues for small technical com-
panies fell from 200 to none between 1969 and 1975.

Table VI, also from the American Electronics Association survey, demonstrates

why risk capital is so important.

Table Vi

BENEFITS IN 1976 PER $100 INVESTED

State
Companies Federal & Personal Total
Years in Foreign R&D Corporate Local Income Fed.Tax
Founded Sample Sales  Expense Tax Tax Tax Revenue
1956-60 26 $91 $19 $7 $3 512 319
1961-65 38 39 18 9 5 13 22
1966-70 135 57 20 12 4 11 23
1971-75 77 70 33 15 5 15 30
1956-75 276 $76 $20 $10 S $12 $22

Take, for example, the 77 companies founded most recently in the 1971-75 time
period. Benefits for each $100 invested in those - on average - four year old com-

panies in 1976 were,

$70 in export sales

$33 spent on R&D

$15 paid in Federal corporate taxes
$5 in state and local taxes, and

$15 in personal Federal taxes through jobs created.
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TRENDS IN FEDERAL POLICIES AFFECTING INNOVATION

The focus of these hearings is on the complex of relationships between techno-
logical leadership and foreign trade. As you can probably infer from my earlier
comments, I believe the most fruitful way to approach these subjects is to focus
first on the domestic situation, because a vital, growing, effective domestic
economy is the cornerstone of foreign trade. Furthermore, the ability of our
economy to maintain a high level of innovative activity is critical to its vitality
and growth. Federal policies have a powerful effect on the capacity and the
propensity to innovate in two principal areas -- the perception of future risk or
uncertainty compared with the potential return and the availability of resources

to invest in the future.

All technological innovations face the uncertainty of whether or not cost compet-
tive technological feasibility can be demonstrated. If the innovation is aimed at
a new or improved product, there is the additional uncertainty of market accept-
ance. If one adds as well uncertainty in governmental policies, one may sharply

reduce the number of innovations that appear to be worthwhile.

Attention is increasingly being focussed on some of the inefficiencies and undesir-
able effects of the regulatory process. And it is indeed true that the increasing delay
associated with obtaining regulatory approval and the uncertainty over future
coimpliance standards cast a severe shadow over more innovative longer-term
investments seeking technological leadership. Although the social and economic
desirability of regulation is unquestioned, typically a specific goal and approach is
pursued with little regard for alternative solutions, of possible side effects, or of

effects, or of costs versus benefits of the regulation.

However, I should like to emphasize another aspect of the situation. Our inno-
vative system has worked so well that we have taken it for granted. Little or
no attention has been devoted to fostering the vitality or propensity of our
economy to innovate. Instead, we have burdened this remarkably productive
system with a series of regulatory constraints, obligations, and uncertainties
until we can no longer take its vitality for granted. The balance between the

positive and negative forces affecting technological innovation appears to be
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continuing to shift further and further away from the optimum point for max-
imum public benefit. The lack of a positive influence to coordinate regulatory

actions toward achievement of progress deserves urgent attention. .

Government actions and policies also, of course, have a strong effect on the rate
of inflation. Much has been said about the undesirable effects of inflation, but
too little attention has been devoted to its effect on innovation. As noted earlier,
innovation is inherently risky and the addition of uncertainties regarding future
costs resulting from inflation adds further critical dimensions to business planning
that leads to shorter time horizons, heavier discounts on the future, and a focus

on lower risk projects. All of these are deleterious to innovation.

The other major arena of government activity affecting innovation involves the
availability of resources to invest. I have already noted the correspondence between
the drop in effective return on equity and real fixed investment. The central role
of government tax policy on capital formation is well known. Since R&D and the
innovation it helps generate are a form of investment, the availability of funds

to invest strongly influences innovative effort. The basic tax rate, provisions for
investment credit, and treatment of depreciation write-off all strongly affect the
availability of funds for investment. I believe that the market pull-through of

a strong growing economy that is being stimulated by healthy growth in investment
is the key factor in stimulating innovation. Special attempts to stimulate R&D

in an otherwise laggard or uncertain economy are unlikely to be effective. Many
studies have demonstrated that market pull is a more powerful force in determining

the success of innovation than technology push.

Although tax policies and securities regulations affecting capital gains and liquidity
of venture capital are important to all firms, they may be of even greater impor-
tance to new and smaller firms. The strength, dynamism, and accessibility of the
U.S. venture capital market have been the envy of the world. Ready access to
venture capital and the ability to generate large amounts of cash to finance rapid
growth are critical factors in the success of young small firms. Changes in tax
provisions and restrictions on security transactions have been promulgated with
little regard for their effect on innovation. Under some conditions, the maximum
capital gains tax can approach the top tax rate on personal services. This combined
with limitations on write-off losses critically alters the risk-reward ratio needed

to motivate investment in innovation.
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The Securities Exchange Commission in promulgating rules to correct abuses in
the sale of stock of young companies has severely impeded the opportunity to
regain funds from a successful investinent and invest them in another venture.
These changes in the risk-reward ratio and reductions in liquidity and mobility

of venture capital are a serious impedirnent to innovation.

TRANSFER OF U.S. TECHNOLOGY

Considerable concern has been expressed about the possible loss of U.S. techno-
logical leadership through exports of technology intensive products, licensees,
cooperative agreements, and performance of R&D abroad in foreign subsidiaries
or joint ventures. Very little meaningful data exist to ascertain the actual extent
of technology transfer or its impact on technological leadership. It is important,
however, to maintain historical perspective and to understand market realities.
Technology transfer is not a new phenomenon. For example, the predecessor com-
panies from which General Electric was created 100 years ago were deeply involved
in internationa! technology transfer. The Thompson-Houston Company took the
route of joint ventures and vestages of those operations can still be identified in
France and Great Britain. Edison took the route of cross licensing.

Electrical systems have historically been closely associated with nationalism.
Nations insist on creating an internal capability to generate, transmit and use
electricity. Consequently, the creation of a growing local content in the manu-
facture of electrical equipment is typically a requirement for commercial trans-
actions. Market entry, thus, frequently requires some sharing of technology.
General Electric Company Co-production Programs have sought to respond to these
realities by taking advantage of economies of scale, specialization, and advanced
technology by making arrangements for the inclusion of locally manufactured

content in the product when necessary.

It must be remembered also that U.S. companies cannot act unilaterally in tech-
nology transfer. Not only must they respond within reason to the wishes of fdreign
customers regarding technological self-sufficiency, but they must recognize that
other countries such as West Germany, Japan, France, and Sweden compete on
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a technological basis. This technological competition is especially severe in such
areas as ground transportation, coal-based electrical generation, high energy density

batteries, automation, pharmaceuticals, etc.

In some cases joint technological development may be the only mode of gaining
entry to foreign markets. The joint GE SNECMA venture in jet engine development
recently discussed in Fortune is such a case. Similarly, the joint production of

engines for the Airbus A300 was possible only by sharing technology.

Universal technological leadership is not attainable or economically desirable.

The success of West Germany is heavily dependent on her pre-eminence in quality
and cost on selected industrial goods, and similarly the success of Japan is based
on her quality and cost in consumer goods. Great Britain is eminently successful
in science and invention but has been notably unsuccessful in converting these into
innovation and economic growth.

In considering policy alternatives affecting technology transfer, we must keep

in mind the dynamics of the resource allocation process and the shifts in emphasis
that occur in different segments of an economy with the passage of time. Indus-
tries and technologies do go through a process of growth and maturation. A key
feature of Japan's announced strategy for future growth is to identify and nurture
those industrial segments that are younger and more likely to enjoy rapid growth
in the future. In contrast, one policy option being seriodsly considered in Great
Britain is to take advantage of the windfall from North Sea oil revenues to rebuild
her traditional industries. One might well question which of these two strategies is

more likely to be successful.

Any proposal to intervene in international technology transfer should be viewed
in the light of its likely effect on resource allocation both within the U.S. and
elsewhere, and on the long term viability of any comparative advantage we may

be trying to protect.
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Here in the United States, I think two factors are particularly important to keep
in mind. First, we are probably no longer producing commercial technology faster
than the comnbined effort of all our trading partners. Our estimate is that Japan
alone may well have as many R&D scientists and engineers as the U.S. who are
working in the areas of economic development and advancement of knowledge.
Certainly, Japan and Germany combined have a larger such effort. So we stand
to gain from a two-way transfer, with minimum restrictions on both sides, and
constraints on U.S. exports typically will not deny advanced technology to third
parties. Second, and more important, many U.S. firms rely on foreign sales to
partially or totally justify investment in innovation. And many more of us, of
course, depend on earnings from foreign trade to help support investment in the
future. Both of these circumstances are likely to be even more important in the
future. So any effort to restrain the outflow of technology except for clear cut

and specific national security reasons most certainly would be counterproductive.

Technological protectionism is not the way to assure maintenance of technological
leadership. It would serve to slow our own rate of industrial innovation and, in

turn, our international competitiveness.

The NSF studied factors affecting industrial innovation in Japan, West Germany,
France, and the United Kingdom. Except in the United Kingdom, industrial man-
agers agreed that there is a close positive link between competition and pressure
for effective R&D and innovation -- industrial development. They, unlike their
counterparts in the United Kingdom, were favorably disposed toward competition.
The Japanese especially welcomed international competition because of the great

‘ opportunity for market expansion. (However, they appreciated government shelter
and assistance during the time when competitive capability was being developed
initially.)

HOW TO STRENGTHEN U.S. TECHNOLOGICAL COMPETITIVENESS

I believe the information that I have presented to you demonstrates rather clearly
that the U.S. is, in fact, losing ground in the international market place -- in both
technology intensive and nontechnology intensive products. Although our high
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technology products are doing better than the average manufacture, we are con-

tinuing to lose international market share.

I have shown also that our leading international competitors who have maintained
the highest levels of business investment, productivity and growth in industrial
output are capturing the market shares that we and the United Kindom are giving

up. 1 would not argue that these basically internal considerations are the only factors
affecting our international trade. Clearly, such factors as rates of exchange, terms
of trade, tariff and nontariff barriers, modes of financing, etc. are also important.
Nevertheless, a critically important issue, and one that we can address without

the involvement of our international trading partners is: how do we create the

investment in innovation that will help allow us to regain what we have lost?

A Better Environment for Investment in Innovation

First, urgent attention is needed to increase the funds available for investment.
Changes in tax law should seek to make permanent and more liberal the investment
tax credit, provide more rapid write-off of capital investment, and reduce the
Federal corporation income tax rate. These actions would increase capital invest-
ment, stimulate market pull, and help overcome the impediments of rapid obsoles-

cence and inadequate capital cost recovery.

Further in the area of taxation, any attempt to increase or eliminate capital gains
allowances should be strongly resisted. In fact, consideration should be given to
reversing recent trends and phasing in more favorable capital gains provisions.

While the ability for external generation of investment funds would be enhanced

for all companies, smaller firms particularly might benefit from reduction in capital
gains taxes. Specifically, a greater spread between capital gains and personal service
tax rates, and larger write-off of losses are worthy of consideration. It is not even
clear that such a step would create a loss in tax revenue. The data from the Amer-
ican Electronics Association Survey cited earlier, demonstrates how rapidly new
firms begin to contribute new tax revenue through both personal and corporate

income taxes.
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Severe restrictions on sale of stock in venture businesses seriously impede roll-
over of capital investments and thus reduce capital mobility. The SEC should
reexamine the impact its Rule 144 has had on reducing liquidity of venture cap-

ital. It may well have achieved "overkill" in the areas it was seeking to correct.

High priority also must be given to controlling inflation in ways that do not worsen
the investment environment. I have tried to make clear that the insidious impact
of inflation on willingness to invest in the future is as harmful as the immediate

penalties it creates.

The other critical areas in which positive action must be taken to improve the
investment climate is our confused and inefficient regulatory process. The govern-
ment simply must reduce regulatory delays and uncertainties. And in order to
maximize the social benefit from our innovation process, a requirement to con-
sider reasonable alternative approaches to and costs of achieving proposed reg-
ulatory objectives could help counteract the present single-minded focus on a
narrow specific approach and objective. Better coordination of regulatory acti-
vities could help facilitate a more timely and effective process. Perhaps we need
to create a new institutional mechanism to provide a continuing pressure for
progress, and to insure a balanced approach to regulation. The government has
had some successful experience with agencies deliberately charged with fostering
an industry - in the century old case of agriculture and the more recent case of

air transport. What lessons can be drawn from this experience?

More Sensible and Supportive Foreign Economic and Trade Policies

A recent Business Week article (April 10, 1977) surveys the U.S. environment for
international business and concludes that our nation's export policies are "feeble

and contradictory." Eleven different examples of laws, executive actions, and

court rulings that impede exports are listed. The clear and unavoidable fact is

that unless a more favorable, well-organized, and stable national policy environment
is created for U.S. exporters, the nation will continue to lose world market shares

to foreign rivals.
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The United States must recognize the realities of foreign trade and try to offset
or neutralize the exporting efforts of other governments in ways suited to our own

institutional structures.

For example, the Export-Import Bank must be able to offer more competitive
financing, and greater protection against political risks of foreign trade and in-

vestment is needed.

Qur policy should be to encourage - not discourage - expansion of U.S. companies
abroad. Our counterparts in Europe and Japan are moving aggressively to do so.
They recognize that increasingly a local presence and some form of local participa-

tion are pre-requisites to market access.

While some claim that U.S. companies with foreign affiliates are "exporting jobs"
and manufacturing abroad to produce low-priced goods to sell in the U.S., less than
7% of the output of foreign affiliates comes back to the U.S., and half of that is
from Canada under the automotive pact. In 93% of the cases, foreign affiliates
are producing goods for foreign markets, and they are also pulling through exports
and providing jobs in the U.S. The General Electric record is illustrative. Our
exports to the Netherlands went from $3 million to $79 million in the dozen years
since we established our affiliate there. In Australia, they rose from $1.5 to $45
million; and the same thing happened in Mexico, Brazil, Belgium and elsewhere.

And there are many ways to avoid making matters worse. We must guard against
technological protectionism and other barriers to competitiveness. For example,
since we live in a world of international competition, there should be recognition

of this international competition and market place when antitrust laws are applied.
Also lengthened licensing procedures and the proposed Environmental Impact State-
ments for exports for Ex-Im Bank projects could be disastrous to business negotia-

tions. Foreign nations don't need us to tell them they can't drain a swamp!

28-558 O -78 -9
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Federal Support

There are two areas in which consideration could be given to increased government
support - basic research and academic programs aimed at improving productivity.
While the measures that [ have recommended to enhance longer-term business
investment in general could be expected to affect industry spending on basic
research, there is strong evidence that industry will always underinvest in basic
research relative to expected social returns to the investment. In other words,
benefits of basic research are very unpredictable and the funding enterprise typi-
cally captures only a small portion, if any, of the benefits of his own investment.
Spread over the entire economy, however, the returns are quite large and risk is
relatively small. Thus, some public support is perhaps justifiable. Consideration
might be given to removing the competitive disadvantage industry has in competing
for Federal support of basic research. Also, a government procurement practice
worth examining for possible extension is the Department of Defense Independent
R&D allowance.

The U.S. lag in productivity improvement is well known and cause for concern.
One striking difference between engineering education in the United States and
West Germany is in the production of engineering graduates for careers in man-
ufacturing. This tradition is well established in West Germany and notably weak

in the United States. Our experience with the Department of Agriculture, DOD,
NASA, and the old AEC and HEW - not to mention NSF - all demonstrate that
government priorities have a profound influence on education priorities. Consider-
ation might well be given to stimulation of higher educational priorities for educat-

ing technical people for careers in manufacturing.
CONCLUSION

Now I've concentrated on two principal approaches to improving the international
competitiveness of our manufactured products - and particularly our high-tech-
nology products. I've recommended approaches to improving the environment for
private investment in technological innovation, and I've discussed ways of encourag-

ing and facilitating foreign trade. I have not suggested lérge programs of direct
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subsidy or special write-offs directed to specific industries or areas of technology,
and I have not made a plea for more government spending on commercial tech-

nology development programs. Let me explain why.

I believe that market pull created by a free and vital economy is the critical factor
in stimulating investment in innovation and achieving technological competitive-
ness. Efficient allocation of resources for commercial purposes is best managed
by those who are closely attuned to market forces. The record shows that the
private sector does better than the government in planning for innovation where
the goal is to introduce commercial products in the marketplace. I would question

having government more involved in that process.

Other industrial countries have tried numerous incentives and subsidies directed
specifically at R&D, but none has been very successful. What has been learned

is that government policies affecting the general economy and climate for long-
term investment -- that is to say regulations, availability and price of money, in-
flation, export and import policies, and general encouragement for private saving

and investment -- have been extremely important to the innovation process.

We're really after innovation - not just R&D. Without the necessary market oppor-
tunities and climate for risktaking, the results of R&D simply fall into a bottom-
less pit. The experience of the U.K. exemplifies the problem of government R&D
push without market puil and a good investment environment. When you consider
that about 90% of the total investment required for a successful innovation is down-
stream from R&D, it becomes clear why we must concentrate on the overall invest-

ment climate.

Let me conclude by saying that, in my judgment, the Federal policy and legislative
pot is boiling with current issues that will have a critical effect on this nation's
future technological competitiveness and economic vitality. And there are perhaps
as many wrong roads before you as right ones. I hope that I have been able to shed
at least some light that will be of assistance to you as you face these difficult

but crucial choices.

THHER B
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Senator Stevenson. Thank you, Dr. Steele.

On some points there seems to be general agreement. In fact, the
facts are incontrovertible. High technology generates exports, U.S.
investment in technology, and R. & D. is declining; it is declining
in relation to investments made in other countries, at least as a
percentage of GNP. And the competition is becoming more severe
and already the U.S. trade deficit is running at a level of about $40
billion, perhaps more. ’

The dollar is constantly depreciating. Now. I guess, a little less
so. But this seems to have had very little effect on trade. It may
be causing inflation; it may be stiffling innovation.

It seems to me there are some other influences at work that I
would like to get your comments on. The American exporters are
big companies; General Electric is the biggest exporter, I believe.

Dr. Steere. That is right.

Senator Stevenson. The little technical companies in the recent
past have about disappeared. According to the Commerce Depart-
ment, creation of new, small, technical companies has reached zero.
The large companies may be in a better position to make long-term
investments in R. & D. They have greater access to capital, perhaps
they can absorb risks more easily. They pretty clearly are more in-
terested in foreign markets, in a better position to respond to foreign
demand, they have marketing systems available to them.

Our hearings have indicated that the typical small business in the
United States just doesn’t take exporting very seriously. It is in-
timidating to them, which I can understand because they have relied
on the domestic markets. Instead of just relying on traditional struc-
tures, it seems to me there might be some lessons to be learned from
the experience of other countries who seem to be overtaking us at
the moment. ‘

If so, that exercise would, I suppose, involve reexamination of
traditional structures. The Japanese don’t, as we do, as has been
indicated, require everybody to subsidize everybody else through the
Government, with the result that everybody pays. They are very
selective.

Tn the case of data processing, the Government reorganized in-
dustry, and it financed the research in data processing; it finances
the operations to some extent of the industry. It adapts its trade
policy to help infant industries and its tax policy to provide tax
incentives to industry, and next year the Japanese industry confronts
IBM with the fourth generation of computers. That is about the
highest technology, I guess, that there is.

Now my question to you is the size of this phenomena. We in the
meantime are trying to break up IBM. Not only is the investment in
R. & D. declining, but the Antitrust Division of the Justice Depart-
ment is trying to bust up IBM, maybe, instead of letting it go the
traditional American route, with all it implies about the adversary
relationship between Government and industry, and we ought to be
facilitating the combination of large industries which can make
the research, or industries of comparable size to IBM, that can make
these investments in R. & D. and can market on a global basis in
competition with, for example, not the electronic data processing
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industry, but the great trading companies of Japan, which can
absorb exchange rate losses, also profits, and beat price competition
on a global basis.

How do you respond to that general proposition? I think what we
have to do is facilitate larger economic aggregations, like General
Electric and IBM, if we are going to make the investment in tech-
nology, if we are going to respond to demands throughout the world
to market our products. ,

Dr. Steere. Mr. Chairman, I can comment on that, if I may. I
think it is disturbing that in considerations involving antitrust, tech-
nological viability, if you will, is essentially ignored as one of the
factors that should be taken into account. I think both in the case
of IBM and also in the case to break up A.T & T., the implications
of what that might mean for Bell Labs, and whether Bell Labs can
survive as one of the most productive technological organizations
in the world, are either not considered at all, or considered to a very
minor extent compared with other factors.

I think we can simply no longer afford to do that. We do have
to consider technological viability as one of the aspects of world-
wide competitiveness.

I think in the same sense, the decision in the Kodak-Berkley
Camera case didn’t take into account that the real benefitters might
be the Japanese companies. The Japanese were already over here
marketing photographic products. Requiring Kodak to announce .
18 months 1n advance its future technological innovations is going
t<l) provide that information for the Japanese as well as everybody
else.

There is clear evidence that the Japanese have already capitalized
on that in a major way.

I am not saying we shouldn’t still be very much concerned about
the competitive climate in this country, but it is a world climate,
and the competitors are world competitors, not necessarily just
domestic.

Senator Stevenson. Yes. I think that is the point, instead of
the relevant market being, as it has traditionally been, a local or
maybe a national market, it is becoming a global market and it
should become a global market. Any other responses ?

Dr. Baranson. I think I would agree with Dr. Steele that we
certainly need an intensification of the competitiveness of U.S. in-
dustry vis-a-vis trade adversaries, I don’t think necessarily that
this means we have to move to further concentrations of industry—
that because there is a certain economic advantage in size, that it
is only the large American firm that needs to be reinforced.

I am not sure that even further relaxation of the antitrust laws,
moving in that direction,'is the answer. The spinoff from IBM is
an example of a small firm that was inhibited by the presence and
the possibility that TBM could further move in and challenge its
technology. I do think that we have to look much more realistically
at the realities and to recognize that certain legitimate collaborative
efforts within and amone American industry may be not only useful,
but indispensable in order to hold our own against trading adver-
saries. I do think that if considerations are given to refinement of
tax and credit instrumentalities, that special attention should be
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given to small or medium firms that are sufficiently small but tech-
nologically viable. I think the efforts should be to reinforce their
ability and motivation to commercialize technology.

We also could benefit from more Bell Labs—perhaps collaborative
efforts jointly funded by the U.S. Government and private industry.
Special exemptions from antitrust laws may be needed in order to
move in that direction. What are needed are mechanisms that per-
mit necessary and legitimate collaborative efforts within a competi-
tive framework.

Dr. Hemss. I very much agree with the comments just made. I
would like to introduce, maybe, one or two aspects a little bit on the
borderline of the issues. :

One function of federally funded R. & D. I feel very strongly is
to push innovation in industry. If we recall the introduction of some
very advanced basic technology in the commercial sector, like com-
munication satellites, it was often at the initiative of Congress and
the Federal Government that technology really got pushed onto
the industry.

The fact is that industry—in each sector differentlv—tends to be
conservative, particularly large companies are, and rightly so, very
conservative with regard to the funds allocated. the initiatives and
innovations that they want. It is a process of oblescence that intro-
duction of new products creates, and I, for one, am not totally
sanguine about the great role of privately funded R. & D, as acainst
the important role I tried to outlime earlier that federally funded
R. & D. has shown to have in the international trade position of the
United States and their individual industries.

The role of the. Federal Government in fundine R. & D. ventures
needs to be emphasized as it has done. This funding has to occur at
an increased rate in order to push innovation in the economic system.
Such funding need not be concentrated in any one single area.

In judging the need for Federal funding of R. & D. one should not
overlook some of the oligopolistic character of much of American
industry and the American economy. On the labor side, unionization
and protectionist elements also contribute to rigidity and resistance
to innovation. In discussing technology and international trade
issues, we should not forget the great contributions other countries
have made to the United States in the past, with regard to new
ideas, know-how, innovation, and foremost, scientists and engineers,
in a climate of free trade and free flow of knowledge. There were
few barriers there, few prohibitions, except by some countries. In
discussing these issues of free trade, we should be mindful of the
principles of free markets. But in order to sustain that belief, the
United States has to have an aggressive R. & D. world technology
policy. It is not labor where we have the competitive advantage, it
iIs not any more in capital markets where we have a competitive
advantage. The one remaining key factor of U.S. competitive ad-
vantage is know-how and technology. And there we are not running
as fast as we ran in the 1960’s both on the Federal and the private
side. What the United States needs is (1) a full development and
(2) a full employment policy of the U.S. science and engineering
capability.
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Final}y, the belief that privately funded R. & D. is a solution to
everything is incorrect. Such R. & D. should be stimulated, but
often such R. & D. is not that exciting or advanced. Some of the
R. & D. that goes on in car companies—the largest portion private
funding of R. & D. comes from the American car industry—may
be of questionable quality: a Honda, a Datsun, and a VW diesel
still are preferred in world markets and the United States. What is
that R. & D. doing ?

One has to ask critical questions also of privately funded R. & D.
I don’t know what automobile R. & D. is precisely, but a lot of it
must be restyling, painting cars differently, et cetera.

Senator ScamrrT. A catalyst. :

Dr. Hrrss. Yes. Hence the important role of federally funded
R. & D. as a push to innovation. There exists maybe a funding gap
of between $10 and $15 billion in that effort, if we compare today’s
dollars to what we did in the 1960’s.

One should neot be flippant sbout dismissing the role of
federally funded R. & D. too quickly. Yet many economists are so,
in the absence of precise qualitative evidence. Budget consciousness
is very important, but one has to have substantive programs in the
U.S. economy to at least maintain the technological position of the
United States in world markets.

This includes opportunities for innovative space technology that
can plav an important role in maintaining, or even expanding, the
U.S. technology position.

The concept of venture R. & D. companies. with the provision of
being able to write off say three times the initial investment would
do a lot to stimulate innovative—small R. & D. ventures in the
private sector. Such ventures would then be able to find better
finaneing: If the banks know that three times the initial investment
 will flow back to the group thev are financing, before Federal in-
come taxation takes effect. Such a provision will also help large
companies in some distinctive ventures, and improve R. & D. ven-
tures in the private sector. It is not a free-for-all. The venture
groups would have to come and say look, we are proposing this
R. & D. here. It is not just painting the same antipollution device
in a different color. The proposed venture would have to go through
some evaluation process. As much as we dislike that, one would
have some agency or a multiplicity of agencies to agree that the
provosed venture is relevant research.

Finally, one of the greatest inhibitors, I believe, in the energy
area of innovation has been price controls. How can one expect large
Innovative investments in energy R. & D. if at the same time one
controls all types of fossil fuel prices at artificially low levels?

In Germany, for example, the absolute energy consumption—the
absolute, not relative—level has declined ever since 1973. That was
not done with the creation of a Department of Energy, it was not
done with the creation of any other agency, it was a simple belief
in the efficacv of the market pricing mechanism, as well as energy
initiatives and funding of R. & D. projects. The belief in free market
principles is important when judgine R. & D. technology and trade
issues. Price controls, as well as inflation and depreciation rules,
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have a strong adverse effect on the ability to innovate, if not the
willingness to innovate.

Senator SteveEnson. Mr. Douglas?

Mr. Douveras. I am often puzzled, Mr. Chairman, by the recurrent
statements that small firms do not have participation or a place
in technology exports.

In the case of the data processing industry, superelectronics to
a certain degree, but data processing is the one we know well, that
does not seem to us to be the case. In California in the Santa Clara
Valley, where much of American’s semiconductor and data process-
ing industries are located, we find these firms who provide compo-
nents, who provide designs, who provide subassemblies, do partici-
pate very directly, either in licenses and royalties, or in manufac-
turing as subsuppliers.

I don’t know whether it is truly important to revive any high
technology exports in high earning areas such as the data process-
ing. If we want to feel we are going to counter a Japanese or West
German thrust into markets where we already have a strong position,
indeed into the domestic market, where we have had a commanding
position, whether it is really going to pay you back very much to
try to take small or medium firms, who may not even want to be-
come directly involved in exports, who have engineers or technical
people or entrepreneurs who wish to devote time, energy and capital
to innovation and not to marketing, and creating sales and service
outlets abroad.

On the question of bigness, and your reference to IBM and other
companies of that size, GE, and the implication, perhaps, that
they are more capable than small to medium firms in exporting, I
really don’t see that to be the case.

In fact, I would say that the IBM’, maybe the GE’s of the
world, pose a kind of political or industrial threat in certain market
areas that have a negative consequence. :

Senator StevensoN. Thank you. Senator Schmitt.

Senator Scamrrr. Thank you, Mr. Chairman.

First of all, I would like to underline what Dr. Heiss said about
the export of the products of high technology, rather than concen-
trating on the export of high technology itself.

He has mentioned several examples, obviously many of them come
from our space experience, but there are certainly others. That is
the part of my opening statement that I did not read, and I would
just refer you to that.

Also T would like to introduce another concept that we have not
discussed. It is not a new concept, but something we have not dis-
cussed today. That mav be considered a nuisance by some, but it is
extremely important. The concept is the difference between the fund-
ing of research development and demonstration and the funding of
research and technology.

The vast growth of our aeronautics industry was not based solely
on the Government funding the building of airplanes. At least the
commercial side of it was based in large part on the Government
funding certain focused areas of technology development. The Gov-
ernment and GE and Pratt & Whitney. acting through NASA or the
old NACA, were really focused technology groups working together,
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sharing laboratories, working out specific kinds of problems, wing
problems, engine problems, and so forth.

I think it is important that as we look at what funding the Gov-
ernment should put into R. & D., we should look into the type of
funding. One of the major deficiencies in our energy program today
is a lack of Government funding of the focused subcategories of
technology that are required for energy efficiency and energy
production.

For example, I and others have tried for many years to get certain
aspects of fuel cell technology funded by the Government because
of its future importance as an energy technology. :

There has been a great reluctance to do that, but it is a technology
development type of effort that I think we have to remember has
been very, very important in stimulating the kind of export tech-
nologies that we have had in the past.

Finally, I would just ask one question, and that is to ask each of
you to comment on the nature of your recommendations for coordi-
nation of trade-related policy at the Federal level.

As T indicated in my statement, and it was mentioned in the
Business Week article referred to by Dr. Steele, there are a lot of
these policies that seem to be at cross-purposes. The fact is I know
that Federal policies work at cross-purposes.

How would you see us developing within the Federal Government
a strategic capacity to coordinate these kind of policies?

There is a proposal before the Senate to create a Department of
Trade. I will be frank with you, I don’t think that is the answer.
Most departments just shuffle boxes and don’t solve any problems.
But it may be we need something at the Federal level that creates
at least the incentive, if not the requirement, that there be coordina-
tion of agencies that have major input into trade-related policies.

Would you gentlemen care to comment ?

Dr. Heiss. Not having been entangled in some of the difficulties
described by others here today, I think essentially all of these export
controls should be abolished, including the offices that carry them
out.

Senator ScamITT. Well, that is one answer.

Dr. Heiss. T am very serious on this. This is a totally make-work,
paper-shuffling operation, wasteful of taxpayers’ money, and in ad-
dition contrary to true U.S. long-term interests. .

On the strategic side, a very important issue is at stake; the De-
partment of Defense, jointly with industry and Congress, can take
care of those strategic issues.

Senator Scamrrr. If I may interrupt, I would like to clarify some-
thing I said earlier. When I said strategic capacity, I didn’t mean
Defense. I meant strategic in a general sense applicable to trade.

Dr. Hess. Right. In the second sense, the defense sense, I think
the Department of Defense can handle that, the White House can
handle that, and the Department of Commerce should essentially
be legislated out of anything in that area. I am very, very serious
on this. These issues of export controls go back 200, 300, 400 years,
in the history of economics. These measures have proven to be
counterproductive, wasteful, again and again. Whoever conceives
and carries out such regulations does not earn his or her salary.
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Not that they are not good people, they are just hurting U.S.
interests.

Senator Stevenson. Will vou vield? T don’t understand what you
are suggesting, Dr. Heiss. You said let DO and the White House
take care of it. What do you mean by “it”? Are you suggesting
no export controls for strategic purposes?

If the Congress and the administration feel that there is a role to
play for the Federal establishment in international trade. then it
probably ought to be the Commerce Department playing that role.

Dr. Hrass. My companv and I personally make no bones about feel-
ing the Department of Commerce is one of the most God-awful con-
glomerations of iobs and make-work that exists in the District of
Columbia. Tt is almost unmanageable.

" Mr. Doucras. But export control is a subiect we have to live with
verv closely. I would have some differences with Dr. Heiss. We are not
the biggest rooting section for exnort controls as they now exist, but
we have come to feel that in certain areas of computer technology,
which is our key business, there are reasons for it to exist.

Whoever the executive agency is to be, whether DOD takes that
over, or Commerce takes that over, that is a question that really
would not make too much difference one way or the other.

Senator ScamrrT. Let me interrupt and say what I am getting at.
Are there a diverse set of trade-related policies enforced by the
Department of Commerce, by Treasury, by State Department, by the
White House itself, by Export-Import Bank, by the Federal Reserve
Board that have very profound consequences on our trade picture?
Whatever we may think about Commerce, Commerce can’t control
what Treasury does, or what State does, or what DOD does, or
what the White House does. I think the testimony before the Inter-
national Finance Subcommittee has been clearlv shown that there
is a complete absence of anv high-level coordination of those various
policies, and they often work at cross-purposes.

Treasury wants to milk every cent thev can out of our trading
partners. Commerce may be trying to do thines right, but they have
a tremendous bureaucracy to work with. The State Department
is interested almost entirely in the foreign policy benefit, and often
just the short-term foreign policv benefits, of a particular trans-
action, and so forth, right down the line. Evervbody has a different
interest that they put the blinders on that and that is the interest
they follow.

How can we provide some kind of tightened incentives. so there
is some kind of coordination among these different policies?

Mr. Doucras. The mind almost rejects the thought of a new
Federal program without bureaucracv. I think the business com-
munity is very well aware of the problems, of the hvdra of trving
to get anvthing coordinated in an international sense in the District
of Columbia. I think most of us would be very supportive of a
congressional move to create a focus with muscle, whether it is a new
department or in an old department. What many of us fear with
historical reason is that while this goes on,.1 year, 2 vears, two
sessions, three sessions, our trade position, the investments. our
ability to accumulate capital. to hold the monev and the people,
continues to decline. By the time we finally get around to a massive
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reorganization, and an optimal plan, a lot of us may be out of busi-
ness. We don’t plan to be out of business, but I am speaking in a
general way.,

_I think any program that touches international trade, interna-
tional policy, requires an extremely strong and perhaps unusually
~ continual oversight and involvement of the Congress. Really the
private sector is not too sanguine with turning it over to the estab-
lished Federal bureaucracies in the District of Columbia and having
anything new come out of it. We would like to have your strong
involvement. ;

Senator ScamrrT. Dr. Steele ?

Dr. Steere. I was going to say there is a missing concept in the
organization, T think. I don’t know how one can go about implement-
ing it, but in industry, and in some aspects of the Government as
well perhaps, but in the ad hoc temporary sense, we have the project
manager whose job it is to get the job done, not to represent any
particular special interests, but to get the job done. In the continuing
sense in industry we have the general manager for a sphere of
business whose task is the same thing, not to insure manufacturing
is the best, or marketing is the best, but to get the job done,

_ That concept of a person not protecting a special interest but just
insuring that you move rapidly and expeditiously to achieve an
answer, that organizational concept is missing.

T don’t know how one includes it.

Mr. Douveras. Correct. In many ways what Commerce seems to be
burdened with, what Frank Wile’s organization in Trade Adminis-
tration seems to be responsible for, but apparently on a day-to-day
basis, without sufficient muscle and authority to get it done.

Tt looks terrific, and I think Commerce’s intentions in most cases
are really verv good, but the results are not commensurate. And they
are frustrated, we are frustrated, Congress is frustrated, because
that is not what you mandated them to do. In the meantime, what
happens?

Senator Scumrrr. Well, they can’t do it if they can’t exert in-
fluence on the Secretary of the Treasury, the Secretary of State, and
so forth .Yes. Dr. Baranson.

Dr. Baranson. Just let me add briefly to what the other panelists
have said. I think that in the area we are discussing, to leave the
technology decisions to the marketplace at this point in time would
be a mistake. The question is to what degree will you introduce ad-
ministrative controls of one kind or another, as distinct from efforts
to influence market decisions.

T think that we ought to move in the latter direction. I share with
my colleagues their observations on the difficulties of coordinating
policies on an interdcpartmental basis, especially in this extremely
complex area. It is particularly unmanageable at the project level.

Senator Scamitr. Let me say, it would not be unmanageable if
there was coordination from the White House. But we haven’t had
that kind of coordination in this area.

Dr. Baranson. We have a special problem of administered guide-
lines to industry here in the TTnited States. The situation in Japan
is quite different from ours. The Japanese have for several decades
now been fairly effective at Government involvement in industry



136

decisions. But even in Japan, they have interdepartmental problems,
and industry does not always adhere to Government guidelines. To
think we can duplicate even the degree of coordination the Japanese
have would be unrealistic.

Senator Scamrrt. I don’t think we can do it their way, but I am
not willing to admit we can’t do it at all. We couldn’t do it their
way because we are culturally two completely different societies.

Dr. Baranson. T think the Congress should consider a purposeful
effort to influence decisions in the marketplace, including the ques-
tion of cost-sharing of technical innovation and the special lines of
credit. I think it is important to draw out segments of industry that
are willing to think more about designing and engineering for the
U.S. economy.

By the way, I think it is a mistake to single out exports from the
larger issue of competitiveness of U.S.-based industry. The same
applies to import controls, rather than looking at the whole com-
petitive position of U.S. industry and the various ways in which it
is impacted.

One other point: There have been several examples cited of the
German and the Japanese Governments sharing R. & D. costs and
providing special lines of credit for breakthrough technological de-
velopment. .

I think we should try to find more American equivalents, as we
bave done it in areas of atomic energy development and in the early
days of aircraft and communications development. In the 1920%, the
U.S. Navy needed a totally integrated communications system, and
RCA was funded almost exclusively by our Government to design
:}nd dl(;velop the necessary equipment. We need to do more of that,

think.

I also think that on the question of Government-funded R. & D.,
we need to distinguish between areas in which industry is encouraged
to develop a military or space prototype and the eventual develop-
ment of a commercial prototype. The funding of an exotic piece of
industrial hardware is a long way from commercializing that prod-
uct and competing with the Japanese.

You will find in the case of Japan that they don’t have the de-
fense spending we do. When they organize a computer equipment
program or something like their new magnetic-field train, they are
looking toward the commercializing of Japanese-based industry to
develop the basic designs and capital equipment, so that Japanese
industry and Japanese employment and foreign exchange earnings
will benefit.

I think that is the direction we ought to go. We ought to influence
the marketplace, rather than follow the path of administrative
controls,

Senator Scamrrr. Mr. Chairman, frankly, I don’t agree. I think
that there are certain major projects of national interest that the
Government is going to have to invest in and work cooperatively
with industry to undertake. In other areas, I think the Government’s
role can be primarily one of establishing a research and technology
base from which a variety of areas of innovation can grow. I really
believe that U.S. industry is perfectly capable, if not more capable
than any other industry in the world, of determining where the
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markets exist and where the investments they should make ought to
go in order to be competitive.

If they can’t, they will fail in the marketplace. Thank you.

Senator STrvENsoN. Senator Proxmire.

Senator Proxmire. Dr. Steele, following up on the latest colloquy,
I take it that you feel that we should hold the Federal spending for
subsidizing in a big way technology research to a minimum.

As Senator Schmitt pointed out, there are certain areas where
there is no way we can avoid it. We obviously have to have heavy
expenditures in defense. That is the heart of our defense, our tech- .
nology. We have to spend a lot of money there, and we are going to
spend a lot of money there. :

Energy is the same kind of thing now, whether we like it or not,
obviously the Federal Government is committed to a huge research
program. I think we authorized over $10 billion to be spent over
the next few years at a rate of $3 or $4 billion a year in energy
research. _ :

Space is something where we have made a commitment, rightly
or wrongly, to spend a certain percentage of the budget, and we
seem to be committed to that, come hell or high water, and that is it.

Obviously in the environment area, National Science Foundation
and others are doing research. And we have to do that.

You are saying except for that, as T understand it, what we need
really is a healthy demand pull market, plus a good investment en-
vironment. Is that right? o

Dr. Sterre. Absolutely, Senator. I believe what we face is a sort
of generitl malaise, and I think it would be a serious mistake to
eqaﬁt a series of highly specialized programs to attempt to deal
with it.

We are dealing with a complex subject; the second and third
order effects of what we may be creating will be almost impossible
to anticipate and take into account.

Senator Proxmire. Isn’t one of the biggest villains, though, Gov-
ernment spending?

Dr. SteELE. Yes. :

Senator Proxmire. From every standpoint, both inflating the de-
mand sector, in having erratic movements, and also discouraging in-
vestment

Dr. Steere. Yes, sir. A great deal of comment has been made
this morning about what other countries are doing in this respect.

On the other hand, we shouldn’t just limit ourselves to Japan; we
have a number of other competitors, each with a different history.
If you look at their programs trying to stimulate R. & D. over the
last 15 or 20 years, you discover they have changed their programs
a lot. They have tried a lot of things, which suggests they them-
selves are not necessarilv very satisfied with the results.

Senator Proxmrre. They started out copying us, as somebody
pointed out, almost religiously, very carefully.

Dr. Steete. That is correct. And no effort has been made in each
of those countries to go back and look at the effects of the programs
they have undertaken. So we really don’t know very much even in
the other countries about how effective individual programs to try
to stimulate R. & D. or technology were.
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In Canada for the last 15 or 20 years they have tried a series of
things to stimulate R. & D. I have talked to Canadian Government
officials, and they have a good deal of reservation about what has or
has not worked, whether any of it has worked very well.

Senator Proxymire. We do have a situation that Japan in one way
or another has created a situation where they have a phenomenally
effective export situation. They have done that with a much sharper
increase in wages than we have had in this country, as you know.

Dr. Steere. Yes; that is correct.

Senator Proxmrire. And with also terrific domestic inflation. Yet
they have been able to achieve that export advantage.

Dr. Steere. But also in a climate which has been generally very
stimulative and supportive of economic growth and productivity, in
the general sense, not just highly targeted to specific industries and
technology alone, but that is embedded in a much larger framework
of support.

Senator Proxmire. Now, Dr. Heiss, T am somewhat puzzled by
your presentation. I wasn’t here when you gave your paper, but I
have studied it. You recommend more research and development in
defense and space, but I don’t want to be unfair, you are not say-
ing, or are you saying, that we should engage in this for the fallout
benefits, as well as for the absolute requirement we have to have a
substf;ntial amount to maintain an effective defense and space pro-
gram ?

Dr. Heiss. Let me take a little bit of time in answering your
questioning.

On page 96 I show a breakdown of federally funded R. & D.
that you asked for earlier, between civilian, defense and space R. &
D. funded by the Federal Government. The breakdown shown is in
constant second quarter, 1972 dollars. It aggregates the funding of
59,vea;s each for the past 20 years and includes fiscal year 1979—
1960-79.

Now what the numbers show is that in defense the total funding
of both 5-year periods in the sixties was around $51 billion; that
has dropped by $7 billion in the first 5 years and by $9 billion in
the second 5-year period as proposed now. of the seventies.

Now, if the country’s position is that it is technology in defense
that keeps us ahead of others and not quantity of tanks and planes,
then I see a certain contradiction here in the funding we provide in
constant dollars to that effort. That is all I am saying here.

Senator Proxmire. Well, supposing we come to the conclusion that—
mavbe a wrong conclusion—but nevertheless the President of the
United States and the Congress come to the conclusion that what we
need for defense is less. Maybe that is wrong, a lot of people think
it is wrong, but say what we need is less.

Are vou saying we should spend more than we spend here be-
cause of the beneficial effects it will have on the civilian technology ?

Dr. Herss. Let me draw your attention to page 94.

Senator Proxmre. But how about an answer to that question.

Dr. Hess. OK. The results for total industrial R. & D. are pre-
sented on page 94 for 1975; these findings do not chanee much for
each of the past 18 years. In addition to total R. & D. funding per-
formed by industry, we also looked at federally funded R. & D. in each
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sector of industry and related that to the U.S. trade position, export
intensity, and net trade—export minus imports—for the past 20
years, 1960, 1965, 1970, 1975, The Federal R. & D. results are
stronger than total R. & D. in their apparent effect on the U.S.
trade position, for the past 18 years. These preliminary findings are
not imncluded in my testimony; it is research we hope to have com-
pleted in about 6 months.

Senator Proxmrre. That is the one area where you should be able
to see the connection, if anywhere, in the export of what the De-

fense QDepartment produces or pays for, F-15%, tanks, planes, and
so on?

Dr. Heiss. Yes. -

Senator Proxmire. We have just explored the export in that area.
It has greatly increased since 1970, the sales abroad have gone from
$1 billion to $10 billion.

Dr. Heiss. The aerospace industry is one of the few areas where
the United States is still truly competitive in world markets, be-
cause of very substantial Federal funding, which hasn’t occurred
In other areas, where we are losing out. That is precisely the point.
It is shown on that graph. Aerospace industry—other than agricul-
ture, which depends on accidental movements of crop harvests in
the Soviet Union—aerospace is the strongest gross export and net
export component of the U.S. balance of trade, consistently over the
past 20 years.

I think one reason for that is the Federal funding of R. & D.

in those areas. .
_ Senator ProxMIre. You are saying as far as the aviation industry
is concerned, for instance, the manufacture of planes, that we should
have an explicit amount of funding for that particular purpose to
buoy up that industry, Federal funding?

Dr. Hemss. Well, we have it. We also have it in other areas, such
as communications.

Senator ProxmIre. I am not so sure. The global figures don’t tell
us how much of that went into aerospace. After all, much of the
space program is not related to the aviation industry. Some of it
is, but how much of it? It is a relatively modest amount of the space
program. And I suspect it is a relatively modest amount of the
aviation program.

Dr. Hgrss. Take communications, for example. Communications
as you know, the total in the United States, A.T. & T. alone has
invested $100 billion in fixed plant and equipment, and they have
net investments a year of $10 billion. The space-related communica-
tions segment as of todav is $1 billion of net investments, and a net
revenue is about $500 million.

1f you look at some of the spacc projects now before us, very
significant initiatives are being proposed in the communications sec-
tor. It has nothing to do with prestige. These are specific, well-
thought-out, and studied programs, which will need major Federal
funding in the areas of commercial worldwide global applications.

Communications is one. Another area is worldwide resources in-
ventories, including crop information, where the United States has
been again and again taken advantage of by other countries that
have monopolistic crop information. These issues involve huge
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amounts of dollars. Second, we can establish’ global information sys-
tems, public information, not monopolized by any one group or
%ugttg. These initiatives will require very innovative advanced new
d. U.S. industry knows how to do it if the funds were there to

o so.

_Third, the ability to construct large structures in space—I am
sineling out space because you seem to have a hangup on it—the
ability to construct massive structures in space is made possible
only by the space shuttle program. I was before vour committee in
1971 and 1972, and you may remember the story of the space shuttle
is not transportation costs. I told you so then, and again I make
the case
_ Senator Proxmire. I don’t want to get into that. The Appropria-
tions Committee of which I am chairman is responsible for the
NASA budget.

Dr. Hriss. You see what happens with the space shuttle is the
United States will be able to construct massive structures and sus-
tain high reliability levels of operations in space which today are
certainly not possible. With that, the United States has the oppor-
tunity of some revolutionary advances in technology, with commer-
cial orientation, worldwide apnlications, which I think are part of
the current opportunity the United States has in the technology
area, be it in international trade or be it for domestic applications.

Now, the fact is that if one looks at the figures as thev are. the
areas where R. & D. funding has been strong and Federal R. & D.
funding has been strong, the United States remains competitive
strongly in world markets.

T am not saying the only explanation is R. & D. and innovation
in defense or space. In the energy area, some of the R. & D. is de-
fense related. I am saying, however, defense and space R. & D. are
one important contributing factor to the sectors where the U.S.
economy is strong in international trade. Yet. if one looks at the
R. & D. funding numbers as a percentagze of GNP—I refer to page
99-—that 1is, the relative emphasis the United States puts on fund-
ing Federal R. & D., the story is we have cut back by 50 percent
in defense: in space we have cut back threefold; in Federal fund-
ing of civilian R. & D. we have increased the effort abont 50 percent.
All these measures are in terms of the percentage of GNP, the rela-
tive emphasis that we put on R. & D. as against other activities
that go on in the economic svstem. Instead of GNP, one could nse
some other national income figure, private income, et cetera. The
GNP measure is indicative of where the relative emphasis of Fed-
eral R. & D. funding went.

The emphasis in Federal R. & D. funding is in the wrong direc-
tion, if one believes the premise that the advantage the United
States has today is in technology, in know-how, and not any more
in labor—other countries have many more people—and no longer in
capital—other countries have as much as are more supportive of
capital formation.

The question is not just cutbacks in Federal R. & D. funding; and
then industry will pick up the slack. That has not happened in per-
centage terms over the past decade. In absolute dollars, there was
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an increase in industrial R. & D. But industry is still only allocat-
ing 1 percent of GNP, roughly to R. & D. In addition, industry is
very conservative as to what innovations it wants. The development
of small companies in R. & D.—and other ventures—in the 1970’
Is a worrisome phenomenon, the free entry argument which is used
in defending current market structures in various industrial sectors,
I think, hasn’t been quite working recently.

Senator Proxmrire. It is an interesting theory. I just think you
have to justify every appropriation on its own merits, whether that
specific appropriation is worthwhile or not.

Dr. Heiss. Absolutely.

Senator Proxmire. And the vague notion that somehow this is
going to help our exports, you build a pretty good case, I must
say, but I will have to determine it in my own judgment based on
whether or not a particular appropriation is justified relating to
what it would do.

Dr. Heiss. Absolutely. I think the departments can be subject to
such accountability. I think they could. But one thing that inhibits
the departments is that they believe they live under some absolute
funding limit. Due to this perception, sometimes they do not propose
really innovative projects that would require a large increase in
funding. T think it is one phenomenon that maybe should be broken
up a little bit.

Dr. Steece. I think the aerospace situation is very interesting. I
think we really have to look at specifics, not generalities. The 707
was developed from the KC-135, and the DC-8, DC-9, 727, 737, 747,
1-1011, DC-10 were all developed with civilian money for civilian
markets. True, they benefited from technologies as Senator Schmitt
pointed out. But they were not Government-financed R. & D. pro-
grams.

The other part of this problem also is that one of the reasons
they were developed is we had a healthy growing economy, with
relatively profitable airlines that were interested in trying to expand
their capacity. You did have a Government agency, the CAB, that
was interested in nurturing the growth of the airline industry. We
had an economy in which passenger miles were growing rapidly, so
you had an expanding market.

The market pull led the Boeings and McDonnell Douglasses to
want to develop products to take advantage of it.

Senator Proxmire. That makes sense to me. _

Dr. Hziss. Of the aircraft you just mentioned, there are only two
outstanding technologies that made that possible: large-engine and
wide-body technology, and both of them were financed by the De-
partment of Defense very early on. Anything else in these planes 1s
new paint and a little bit of different styling; no truly new tech-
nology, other than what was financed by the Department of Defense
is included in these airplanes. This is one of the big sorts of bad
fallouts of the SST debate. I am against the SST, but——

Senator Proxmire. We agree on something at least.

Dr. Hrss. The testimony presented at that time on the SST
goes into some of these judgmental exercises. It is not true that {:h‘e
technology needed for the 747’s was financed by private companies.
It was financed by the Federal Government.

28-558 O = 78 - 10
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Senator Stevenson. Dr. Steele, you got into the specifics, after
which you said you shouldn’t have. Would you get the Government
out of NASA, and all support for aeronautics ?

Dr. Steere. No, sir, I very much agree with the position Senator
Schmitt took that basic technology development, which doesn’t
necessarily have particular commercial implications or applications
is an area where Government participation can be helpful.

Senator Stevenson. How about agricultural research? Would you
get the Government out of all agricultural research?

Dr. SteELE. No, sir, the same thing.

) Se%nator Stevenson. As a farmer, I don’t know what I am farm-
ing for.

Dr. SteeLe. T am talking about the Government-supported R. & D.
behind it.

Senator Stevenson. How about health ? There are certain commer-
cial implications there. Would you get the Government out of all
health research?

Dr. Sterre. No, sir.

Senator Stevenson. You wouldn’t get it out of all basic research,
the national labs?

Dr. Steere. No, sir. As a matter of fact, my paper indicates I
would support Government efforts to increase the amount of effort
on basic research.

Senator Stevenson. What you really support is tax incentives for
everything ? You don’t want to repeal any, do you ?

Dr. Steece. I haven’t thought about that. I am concerned about
specific tax subsidies looking to increase R. & D. as such.

Senator StevEnson. You like those ? :

Dr. Steere. No; I do not like them. What they are likely to do——

Senator Stevenson. You don’t think they should be able to have
a writeoff either by deducting it as an operating expense or writing
it off as a capital expense, the investments in R. & D.?

Dr. SteeLe. Of course. That is not a subsidy, that is an operating
expense of doing business.

Senator STEVENSON. You want to keep that ?

Dr. SteeLE. Yes.

Senator StevensoN. You think those subsidies or incentives are
sufficient to encourage industrial innovation and investment in
R. & D. in the private sector ? :

Dr. Steeie. I don’t regard the recovery of legitimate costs of
doing business as a subsidy. _

Senator Stevenson. Well, do you think the tax situation at the
present 2time offers sufficient incentives to industry to invest in
R.&D.?

Dr. Steere. I would have to say ves in so far as they apply spe-
cifically to R. & D. At least in looking for additional things to do,
that would be well down the list. I would be much more concerned
if you want to get into tax incentives, about those that stimulate
investment in a more general sense, that would lead to the growth
in the economy.

If people see a growing economy, they will look for ways to create
technology to take advantage of that growing economy.

Sdeng,tor STEVENSON. So you support an increase in the investment
credit?
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Dr. SteeLs. Yes, sir.

Senator StevENsoN. For everybody ¢

Dr. Steece. For everybody.

Senator STevENsoN. Of course, everybody pays for it.

Dr. Baranson. Senator, on this general question of whether in-
creased Government funding for R. & D. should take up the slack
from industry, I think I would lean in the other direction than what
has been suggested by Dr. Heiss.

I think what needs to be done is to further encourage industry
to take the risks in R. & D. and in new industrial plants. And this
1s an area where you have to get down to specifics. There is no ques-
tion but that the space communication systems, the basic research
on the feasibilities of communicating through space systems, and
on the launch vehicles, required the kind of Government funding
that no individual firm could possibly do. But from there on out,
the commercial applications of satellite and ground station equip-
ment, along with other communication equipment spinoffs, have been
developed by private firms—an area where the Japanese industry
has increasingly taken over segments of the market.

If you go to a space satellite station here in western Maryland,
most of that is equipped by Nippon Electric, not by General
Electric.

The new facsimile systems that can use used worldwide are largely
being commercialized by Japanese firms. Many American firms are
marketing such equipment, but it is largely being designed, engi-
neered, and produced abroad.

So I think what needs to be reinforced is private industry’s incen-
tive to commercialize the technology and particularly in terms of
U.S. production. I do not think that Government spending, except
in a special sense, which I mentioned, can take up the slack in this
area.

Senator Stevenson. Well, we have had a long hearing, and it
has been very helpful and useful. I think Dr. Heiss made the point
about space. We have made an enormous investment in space, the
Government has, over $12 billion for the shuttle. And the public,
including Members of Congress, associate the whole space program
with space spectaculars. We are just at the edge of realizing the
benefits of that investment.

Everybody supported the space spectaculars, but they have a
hard time agreeing to support the benefits for mankind and for the
United States.

Of course, they aren’t very spectacular, but when you look at them,
they are very spectacular and very exciting. We have lost our vision
somewhat at least, we need imagination and initiatives somewhere
along the line. I am afraid our sights arcn’t as high as they once
were.

Thank you. gentlemen. It has been a good hearing, it has been
verv helpful. We are grateful to you.

The committee will stand adjourned until tomorrow morning.

[Thereupon, at 1:05 p.m. the hearing was recessed, to reconvene
at 10 a.m. the following day.]

[Additional material received for the record follows in the ap-
pendix:]
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Executive Summary

In this document we have attempted to provide a brief review and

evaluation of current U. S. policy concerning the development and commer-—

cialization of high technology, and suggested possible measures for improv-

ing our position. The essential points of our findings as they relate to

the questions posed by the Joint Committee, may be summarized as follows:

1.

There is a significant correlation between levels
of R&D investment and the maintenance of U. S.
technological leadership. There is no such strong
direct relationship between U. S. exports of goods
and services derived from such investments, but
there could be if the time-lag prior to implementa-
tion and commercializatior. could be decreased.

Private investments in R&D in the U. S. are gener-
ally declining, and this has serious implications
for high technology exports. The factors contri-
buting to these trends, however, are many and
complex, and are discussed in the body of this
document along with recommendations for policies
which may provide incentives to increased these
investments.

If we over-simplify our comments, we could say that
the role of the small firm is larger in the inno-
vative process, but it is less equipped to capitalize
on this lead in terms of exporting goods and services
where management/marketing skills and

- especially the availability of venture capital play

a dominant role. The need for incentives to further
capital formulation is therefore essential. The
larger fiim is in a better position to play this
"follow up" game, but is less likely to innovate
because of its heavy investment in existing equip-
ment, processes and product patterns.

Some U. S. R&D activity is indeed moving abroad, and
the trend is likely to increase. Government actions
could slow the process but would not stop it., The
transfer is desirable from many points of view, and
inevitable, but steps must be taken to minimize its
negative effects on the U. S. economy.
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R&D 1investments can ‘be increased by direct govern-
ment funding of long-range mission-oriented
research, and by tax policies directed toward the
encouragement of private-sector support. The many
other obstacles to the maintenance of U. S. leader-
ship are addressed at length in the body of this
document.

Foreign investment in U. S, firms, while increasing
rapidly, is at present only a minor factor in the
erosion of our technological lead. The resulting
transfer of technology need not be harmful if we
ourselves act promptly and positively to capture
and protect potential markets. However the extent
of such investment needs to be monitored and, if
necessary, controlled by a central authority.

Again, U. S. exports of technology and high technology
products are not necessarily detrimental to our inter-
national stature. A two-way flow, and a coherent
national policy, are essential to our well-being.

On the other hand, it should be noted that our society
is becoming service/information oriented. The sale

of knowledee must be placed on a business

basis.

Licensing and joint ventures abroad can be beneficial
to the U. S. 1f we can maintain the two-way flow of
technological innovation. Potential exports are being
lost due to the export of technology, but this need
not be the case with careful planning at the national
level.

. Our recommendations for improving export performance

in high technology goods and services are given at the
end of this document. It is our contention that this

needs to be considered as an intrinsic component of a

total technology policy which recognizes the need for

balance and negotiation at an international level.
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1. The Role of the Institute of Electrical and Electronics Engineers

On behalf of this Institute, usually referred to as IEEE, I wish to
express my appreciation for the opportunity to present our viewpoint on the
matters being considered by this Joint Committee. The IEEE is well-quali-~
fled to address these issues. This organization has as its origin the in-
corporation in New York State in 1884 of the American Institute of
Electrical Engineers, which merged with the Institute of Radio Engineers
in 1961 to form the Institute of Electrical and Electronics Engineers. The
aim of the original organization was "to advance the art and science of
Electrical Engineering" by all appropriate acts and activities. In its 96
years of existence the membership has grown from 46 to over 185,000, and
its scope has continuously expanded as a unique leader in its field and a
major institution in the field of engineering on both the domestic and the
international scene. Its members cover the entire spectrum of associated
interests, including teaching, research, government and industry, private
individuals, small business, and mammoth multinational enterprises. We are
deeply involved in the high technology areas of electro-science, from air-
craft electronics through compugers, lasers and microwave repeaters to
satellite communications.

Our role in the current invescigati;n is to try to point out the com-
plexity, diversity and interrelationships of the factors which must be
considered. We cannot propose a solution to all the related problems; we
do believe that we have a contribution to make in terms of clarifying the
issues, presenting the legitimate concerns of the affected parties, and
making recommendations (in Section 10) for a phased program of investiga~
tion and supportive actions which will enhance understanding of the
telktionships between research, technology, and economic growth, and assist
in the definition of the appropriate role of Govermnment in improving the

international technological and economic standing of the United States.

-9
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2, Background

The typical pattern of Research and Development in the United States
has changed radically since the time of the inventor working independently
in a laboratory in his own home. - At the start of World War I, the American
Chemical Society offered to help President Wilson in any areas of chemistry
or chemical engineering, to which his response was "Thank you very much for
the offer,‘but we already have a chemical engineer working at Edgewood
Arsenal." In contrast, we now have a formalized team structure to attack
almost all aspects of R&D.

The U. S. has not in the past alwvays been a leader in Sclence and
Techﬂology, but rather an "early adaptor™ of R&D performed tyéically in
Europe. We have made progress in the "foﬁr Ig": generation of break-

through ideas, and application and development phases ~ invention, innova-

tion and imitation (or diffusion) — and as recently as 5 years ago it
appeared that the U. S. had achieved and was likely to retain the position
of world 1eader.* However, we are now in the process of letting this ad-
vantage slip away.

Measures. of international stature are difficult to quantify, but we
can get a general idea in the realm of science by looking at indicators
such as the citizenship of Nobel prize winners for Science. Table 'l shows
the improvement in relative standing of the U. S. since the beginning of
the century, moving up from fifth place prior to 1930, and subsequently

maintaining a significant lead over other natioms, until in the most recent

*

Cetron, M. J., "Technology Transfer: Where We Stand Today"; Technology
Transfer (Eds.; Davidson, Cetron & Goldhar), NATO Advanced Study Institute
Science; Noordhoff; (Leyden) 1974; pp. 1-28.
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Table 1

Nobel Prize Awards, by Country, 1901-1977

1901-1930 1931-1960 1961-1977
Germany 27 United States 33 United States 53
England 15 England 18 England 20
France 11 Germany 14 Germany 6
Sweden 6 Switzerland 5 France 5
United States 6 Austria 4 Sweden 4
Holland 6 Sweden . 2 USSR 3
Denmark 4 Italy 2 Austria 2
Austria 3 USSR 2 Belgium 2
Denmark 2
Argentina 1
Australia 1
Canada 1
Italy 1
Norway 1
Table 2
Selected Invention and Patent Rates, by Country*
*K
A B C
Total Inventions Average Annual Annual
on Selected List Patenting Rate - Patenting
1600-Present 1930-1939 Rate - 1975
United States 203 38,300 56,509
Great Britain 58 9,050 12,322
Germany 32 14,600 37,733¢
France 29 9,550 13,386
Italy 14 3,900 -
Switzerland - 3,130 4,369
Sweden 4 1,030 9,100##

3
Bode, H., Basic Research and National Goals, (Washington, D. C.: National
Academy of Sciences, March 1965).

*k .
Private Communication, U. S. Department of Commerce, Patent and Trademark
Office, May 1978.
#

West Germany only (FRG).
#,

This is made up of 7,233 foreign filings, and only 1867 by Swedigh
nationals. :
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1ist the U. S. has more than all others combined. This rather sudden ac-
celeration may be attributed in part to the substantial influx of scientists
who were educated abroad and migrated to the U. S. because of the political
or religious turmoil of the 1930s. It is also a result of the great
material resources which are available in the U. S. The scientific areas
where we lead are those which require expensive experimental equipment,
which some nations cannot provide. (However these are not necessarily
areas which ;an be readily commercialized.) Even here, however, if we
examine the number of Nobel prizes as a function of population (Figure 1),
the United States —- although still a leader --.no longer dominates as it
did prior to 1950.

In the realm of technology, the U, S. has been pre-eminent over a much
longer period. Two crude measures of comparative standing are shown in
Table 2, Column A indicates by nationality the number of authors of major
inventions from Colonial times to the present day. Such a tabulation can
be regarded as distorted both by chauvinism in the selection of respomsible
individuals, and lack of discrimination in the choice of inventions. The
remaining columns show the average patenting rate in the 1930s and in 1975,
for the countries listed. By either criterion, the U. S. was ahead of
other nations; however, this position of leadership has been eroded over
the last decade, as shown in Figure 2., In a recent report,* OECD states
that except for the computer, aerospace, and heavy electronics industries,

technology is primarily transferred into the United States from other

*
Gaps in Technology, (Paris, France: Organization for Economic Cooperation
and Development, 1970).
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countries. In the four higﬁ technology industries, aerospace, heavy elec-
tronics (including computers), chemicals and pharmaceuticals, the two
areas where we lead are aerospace and electronics, where significant
amounts of monies are funneled through government agencies by the Depart-
ment of Defense, NASA, HEW, Department of Energy, etc. In the other two
industries, chemistry and pharmaceuticals, since they are mature techno-
logical inaustries the bulk of their money comes from internal corporate
funds or the stock market. This provideé some indication that when the
government funnels R&D money to private firms (as in electronics and aero-

space), the industry prospers and we have a technological lead.

10

28-3558 O - 78 - 11
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3. The Importance of Technology

Both technology apd technology-based products are of major significance
to the U. S. in terms of international trade as well as in generating jobs
and products for domestic consumption. The export of technology, as distinct
from the export of products, brings revenues to U. S. companies, énd thus to
the U, S. economy, in the form of license fees and royalties. In 1977 the
gross income from such sources was $2.95 billion, compared to $.66 billion
in 1965. The net income (techno;ogy export minus technology import, neglecting
products) for 1977 was $2,67 billion, comparable in magnitude to the $3,25
billion U. S, trade surplus for all manufactured goods.*

The total contribution of technology to our economic welfare however
cannot be measured solely in terms of trade balance. The tremendous increase
in productivity of U. S. industry over the past thirty years can be attri-
buted primarily to the application and utilization of technological advances.
Between 1947 and 1965, the average annual increase in output per man in
private industry ranged from 2% to 6%, the greatest change being in the -
communications and utility sector,** where the growth in real output reached

‘7.52 p.a. by 1970. Advances in productivity are responsible for a large

part of economic progress, in terms of GNP per capita, and these trends are
expected to continue through 1990.*** One of the most important weapons '
in our arsenal against inflation is such increased productivity, which can

be achieved through improved technologies and innovations.

*Langan, Patricia, "Those Worrisome Technology Exports", Fortune, May 22,
1978. These data are confirmed by the latest figures provided by the
U. S. Department of Commerce (Private Communication), excluding the
category of management and services.

Ak
Private communication from the National Bureau of Economic Research.

*kk
The Conference Board, "The U. S, Economy in 1990", in A Look at Business

in 1990, White House Conference on the Industrial World Ahead,
Washington, D. C., 1972,

11
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However, the direct economic gains on the international scene resulting
from the sale of technology-based products have been declining rapidly. In
the area of semi-conductor electronics, where U. S. corporations have made
nearly every technological breakthrough, the U. S. trade balance has been
negative since 1968, and now stands at minus $2 billion, excluding only one
category -- that of computers -- in which the U. S. retains a favorable
balance.* Further comments concerning this particular situation will be
made below, in section 6. An OECD report** cites the computer industry as
one of only three areas in which the U. S. retains its technological lead,
in terms of net export of the technology base. (The other two are aerospace
and heavy electronics.)

Other studies have confirmed that the competitive strength of U. S.
manufacturing industries in world markets is closely correlated with the
performance in technological innovation.*** However, with regard to parti-
cular products, technological leads only temporarily provide comparative
advantages, for the duration of the so-called imitation 1ag.****

In the following section, therefore, we will examine the characteristics
of technology'and its evolution, to assist in determining an optimum policy
in controlling and/or capitalizing upén its development, application and

dissemination.

Boretsky, Michael, U, S. Department of Commerce, as quoted in Fortune,
May 22, 1978, p. 108,

*k
Gaps in Technology, Organization for Economic Cooperation and Develop-

ment, 1970.
ek "
See for example: Vernon, R., "International Investment and International

Trade in the Product Cycle". 1In: Quarterly Journal of Economics,

Vol. 80 (1966); Keesing, D. B., "The Impact of Research and Development
on United States Trade'. In: Journal of Political Economy, Vol. 75
(1967); Baldwin, R. E., "Determinants of the Commodity Structure of

U. S. Trade". In: American Economic Review, Vol. 61 (1971).
hkkk
Posner, M. V., "International Trade and Technical Change". In: Oxford

Economic Papers, Vol. 13 (1961).

12
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4. The Characteristics of Technology

The most obvious characteristic of technology in general is that it
changes; old products and procedures are replaced by new. This is a
continuing process, so that at any given time and place the technology being
practiced covers a spectrum from the old and stable to the new and rapidly
changing. The impetus towards newer technology is a consequence of its
potential to increase the productivity of a society's stock of resources.
Solow* estimates that over the past century, 80% of the growth in the U. S.
economy has resulted from advances in technology. The remaining 20% has
been due to increases in the amount of resources.

In general, the increase in productivity is more rapid when the
technology 1s new, and it thus yields greater returns to society than does
a mature. technology. There may be argument as to the distribution of these
returns -- the major profit almost never accrues to the original inmnovator —
but there is general agreement that all members of the society benefit.

The growth of a new technology follows the familiar S-shaped curve as
shown in Figure 3. An incipient period of rapid technological change —-
"leading edge" technology -~ is followed by a period of high growth but
less change, manifested by increasing standardization. This is succeeded
by a “mature" period of relatively slow change and slowing growth, and‘

maximum return on the investment. Because of this growth pattern, the bulk

*
Solow, R., "Technical Change and the Aggregate Production Function", in
Review of Economics and Statistics, August 1957.

13
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Mature (profitable)

%

(re$uiring heavier capitalization)

Development of Technology

Leading

TIME

Figure 3. Technology Growth Curve

*
A typical measure 1s the percentage of firms in a particular product
area which adopt the new technology.

14
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of a technology being practiced is relatively mature and approaching
stability.* If a new technology were to disappear in its incipient stage
-- as many do -- it would hardly be noticed in aggregate statistics. How-
ever, the industry and the nation alike suffer when this happens, since it
is the subsequent stages which provide substantial economic rewards.

Once a technolégy has been firmly established, and incorporated in a
product or set of products, the frontier -- the place "where the action is"
-~ shifts from science and engineering to production and marketing. Instead
of concentrating on making a single item work, the company concerned must
Jearn to‘produce in quantity: to make the same item every time, and opti-
mize the work flow. Customers must be acquired, and shown how to use the
product. Service men must be trained -- much of the rapid post-war growth
of "hi-fi" and TV equipment sales was spurred on by the training of radar
technicians in the military. Ultimately the major benefits of a new technology
accrue not to the technological innovator, but to those who solve the produc~
tion and marketing problems.

Not only does the technology change over time, but it moves, and cannot
be confined. -Those whose command of a technology permits them to enjoy a
position of monopoly have always tried to keep this advantage to themselves.
Such attempts have invariably failed, and are doomed to failure by the very
nature of things. The sale of any product embodying the technology necessarily
reveals the most important item of information -- that the technology is
possible. The processes of technical marketing also provide other data,
and the more complex the product, the more information must be disseminated

(concerning application and maintenance).

However, in order to ensure continued national economic health, a portion
of the profits from a mature technology must be reinvested in new and

;fficient research and development; otherwise the technology well will run
ry.

15
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The need to provide acceptable technical service requires that the
local market supplier must understand the operation of the product, its
virtues and limitations, and extends beyond this to require knowledge of
the design and fabrication of the product as well as its mode of functioning
such that one is able to diagnose field difficulties and make the requisite
repairs or modifications.*

The transfer of technology and of intellectual property is perhaps
accomplished most readily through the mobility of people. This process
occurs not only through hiring practices deliberately designed to acquire
advance technological information, but through the routine &ay—co-day
mobility of tﬁe work force within and betyeen companies, industries and
nations.

It is of course undeniable that technology transfer is facilitated by
foreign assembly, foreign manufacture of comwponents, and complete foreign
manufacture. But it is essential to understand that the absence of these
may have other negative effects for the industry involved, including both
the loss of foreign markets and the creation of new sources of foreign
competition, and even so will not result in protection of the basic
technology. The dissemination of techmology camnot be stopped: 1t can

&k
only be controlled and slowed down.

*
Steele, Lowell W., The Economics of International Technology Transfer, in
Karl A.Stroetmann (Ed.) Innovation, Economic Change and Technology
Policies, Bonn, Germany, 1976,

Kk .
How Technology Transfer Affects the Competitive Position of the U. S. in
the World Aviation Market (Arlington, Va.: Forecasting International, Ltd.,
March 3, 1972).

16
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5. National Technological Strategy Options

There is more than one attractive strategy in playing the "technology
game" on the international scene, and by no means all of the advantages lie
with the innovative leader. Before attempting to discuss policy options
far the United States, we must consider the implications of "leader" and
"follower" roles. The discussion which follows is based upon an excellent
summary by Horn, of the Institut fur Weltwirtschaft in Kiel.*

Technelogical progress continuously creates new
products, Therefore, technological leads and
lags are a steady source of international trade.
A country which is able to generate a higher

" rate of innovations than other countries will
be able to permanently produce a greater pro-
portion of new goods. Countries which are less
capable of producing technological innovations
will have to speclalize in the production of
traditional goods.

This leads to the question of which factors
determine international differences in the inno-
vative activity of countriés. The answer to
this question is suggested by the so-called
product life cycle approach to international
trade ** Simplified, the product 1life cycle
hypothesis can be described as follows: Pro-
ducts and processes of production typically
pass through a cycle which is characterized

by an increasing degree of standardization
(maturation). The most advanced countries pos-
sess comparative advantages in the production

*Horn, Ernst-Jurgen, ''International Trade and Technological Innovation:
The German Position Vis-a~Vis Other Developed Market Economies', in
Karl A. Stroetmann (Ed.) Innovation, Economic Change and Technology
Policies, Bonn, Germany, 1976.

Kk
Vernon, R., "Internationdl Investment and International Trade in the

Product Cycle". 1In: Quarterly Journal of Economics, Vol. 80 (1966);
and Hirsch, S., Location of Industry and International Competitive-
ness. Oxford: Clarendon Press, 1967, and Gruber, W. H., Mehta, D.,
Vernon, R., "The R&D Factor in International Trade and International
Investment of United States Industries". In: Journal of Political
Economy, Vol, 75 (1967), and Wells, L. T. Jr., "International Trade.
The Product Life Cycle Approach". 1In: Idem (ed.), The Product Life
Cycle and International Trade, Boston: Harvard University, 1972,

17
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of new technologies, e.g. in R&D, and in the produc-
tion of goods during the early phases of the cycle.
On the one hand, these countries are relatively
abundantly endowed with skilled manpower which is
intensively used in the above mentioned activities
and whose availability determines whether these
activities can or cannot take place. Furthermore,
risk capital to finance R&D activities is rela-
tively abundant. On the other hand, a high per
capita income provides domestic markets capable

of absorbing new products, e.g. new consumer goods,
labour-saving household devices and new labour-
saving investment goods. When products become

more mature, highly qualified manpower becomes less
critical and the other factors of production gain
influence in determining comparative advantage.

In the course of increasing maturation of products
or processes of production the comparative advan-
tage shifts to less advanced industrial countries
which can already handle the technology in question
and are able to compete successfully with the
innovating country because they enjoy the advantage
of lower wages. In the late phases of the cycle
when products are mature and standardized, compara-
tive advantage shifts to the developing countries.

Even in the high technology phase, there are advantages in occupying
second place, in that the high risks and inevitable "false steps will be
taken by the leader. A nation which can maintain a minimal gap** can then
be prepared to buy the products of leading edge technology, but produce and
sell slightly less advanced products where the margins are less, but the
volume is muc£ greater. For example, Japan buys avionics and sells color

television.

*
Haitani, K., "Low Wages, Productive Efficiency, and Comparative
ssAdvantage". In: Kyklos, Vol. 24 (1971).

See for example
Hufbauer, G.C., Synthetic Materials and the Theory of International
Trade (Cambridge, Mass.: Harvard University Press, 1966)

and
Vernon, Raymond (Ed.), Big Business and the State (Cambridge, Mass,:
Harvard University Press, 1974)
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This option is open only to those nations/corporations whose technical
level is similar to that of the innovator. The American Indian, for instance,
could not imitate the settlers' firearms because he had no knowledge of the
requisite skills in making and forming steel, casting lead, producing nitre,
sulfur, etc. There are plentiful modern instances, also, where major
problems have arisen due to disparities not only in a specific technology,
but in the necessary supporting infrastructure and in a whole range of

*
ancillary technologies.

*
See for example
Baranson, Jack, Industrial Technology Transfer by U.S. Firms to Overseas
Affiliates Under Licensing Agreements: Policies, Practices and Conditioning
Factors (Arlington, Va.: Forecasting International, Ltd., 1975)

19



167

6. The United States Posture

Whatever the relative economic advantages and disadvantages, it appears
to be the consensus of both government and industry opinion that the U. S.
should strive to retain technological leadership, and both interests are
concerned that the U, S. is unduly eroding its position by exporting
technology without adequate safeguards/recompense. The concern of govern-
mental policy-makers is manifested by such meetings as this present hearing,
under the joint auspices of the Senate Science, Technology and Space Sub-
committee and the International Finance Subcommittee. Other aspects of
the problem are being examined by a House Subcommittee, the Congressional
Office of Technology Assessment, the National Security Council, the Office
of Science and Technology Policy, the International Trade Commission, the
National Science Foundation, and the departments of State, Defense, Treasury,
Commerce and labor, In view of the widespread interest, we are hopeful
that the outcome will be a systematic program designed to establish U. S.
priorities and to define a responsive approach for achieving identified
objectives.

Industrial representatives are also very much aware that a review of
our policies énd practices regarding the creation and transfer of high
technology is an urgent requirement, Foreign products incorporating tech-
nology acquired from the U. S. are beating out American productions in
markets around the world -- including the U. S; itself. Because of this,

U. S. manufacturers are harvesting too little of the return from their own
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innovations. Says J. Fred Bucy, President of Texas Instruments:* Today
our toughest competition is coming from foreign companies whose ability to
compete with us rests in part on their acquisitfon of U. S. technology...
The time has come to stop selling our latest technologies, which are the
most valuable things we've got." Horace D. McDonell, an executive vice
president of Perkin-Elmer Corporation, sums it up more piquantly: "We want
to sell more milk and fewer cows."**

Before we can evaluate the validity of this viewpoint, we wish to
examine moyre closely the situation of theAUnited States in the light of
the technology flow pattern we have defined; given that our perception of
our national role is that of a leader, what are our achievements relative

to establishing, maintaining and capitalizing upon a technological lead?

*An Analysis of Export Control of U. S. Technology: A DoD Perspective,
Report of the Defense Science Board Task Force on Export of U. S.
Technology, J. Fred Bucy, Jr., Chairman (Washington, D. C.: Officz of
the Director of Defense Research and Engineering, February 4, 1976).

*k
Langan, Patricila, op.cit.
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7. The Current U, S. Status

There is no standard equation nor set of tables that can be employed
to determine our current achievements in the application of technolbgy to
improving either the national well-being or the U. S. position in the export
trade, arena. Further, and probably of even greater importance, statistics
vthat could be applied to examine this question are scattered and in some
cases imperfect. However, we can begin to develop a feeling and in some
cases g;in both insights and indications b& examining the information and
data that are available. According to the product cycle hypothesis dis-
cussed in Section 5, innovative activities of countries depend on rer capita
income as a measure of the stage of the country in the development process.
A study of 19 OECD member countries* showed a significant correlation
between expenditure on research and development as a percentage of GNP, and
per capita income. (At the level of the corporation, Mansfield** has
demonstrated that a high level of research and development expenditure
leads to increased productivity, and thence to improved gross profits,
which permits and again tends to increase research and development funds.
This relationship 1s depicted in Figure 4.) In response to this perceived
relationship, both the U. S. and U, K. since 1945 have consistently spent
over 2% of GNP on R&D.*** However, German expenditures increased from

1.4% of GNP in 1963 to 2.1% in 1971, whereas U. S. expenditure dropped

= -
Horn, Ernst-Jurgen, op.cit.

Rk )
Mansfield, E., "Research and Development and Economic Growth/Producti-
vity", National Science Foundation Colloquium (Washington, D. C.: GPO,
1971).

dekk
“The Science Olympics", loc. cit.
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from 3.3% GNP to 2.6%, and by 1976 was down to 2.2%. The U. S. figure also
includes about 50% for defense-related R&D, which has limited "spill-over"
to the commercial sector.

Gross expenditure on research and development (as a percentage of GNP)
and gross research and development expenditure per capita also correlate
vhighly with relative market share for rescarch intensive products. Thus
we can use.rgsearch and development expenditures as a rough measure of
performance in trade in research intensive products. In general, such
studies .as Horn's have showﬁ research and development activity to §e the
most important determinant of the structural pattern of international
competitiveness. The influence of the research and development variable
in the U. S. appeared to be even stronger than in the case of Germany, with
which it was compared.*

At the broadest level the relative position of the U. S. in the world
export market between 1960 and 1976 is shown in Figure 5. During this
period we can see that, in round terms, the U. S. share has dropped from
18% in 1960 to 12% in 1976, while that of the Federal Republic of Germany
has moved slightly upward from 10%Z to 11% of the total world market. On
the other hand we find that the Japanese have 1mproved their position from
47 of the total market in 1960 to 7.5% in 1976, approximately doubling
their total export share.

Thig figure includes not only products based upon high technology and
mature technology but also the exporting of raw materials, etc., It is

useful only for presenting a broad overview. Focusing upon manufactured

*
U, S. Tariff Commission figures, and Horn, Ernst-Jurgen, op. cit.
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goods, we see in Figure 6 that the United States' position in the world
ﬁarket has improved only slowly during the past five years. The position
of the Federal Republic of Germany has remained relatively stable over this
total period. On the other hand the Japanese have increased their portion
of this export market from 6.5% in 1960 to 157 in 1978. The steady
increase in Japan's export of manufactured products is significant and
appears to be far more important than the previous penetration by Japan of
the total export market. In particular, Japan's production of consumer
electronics has increased by a factor of five over the past 10 years, and
627 of the 1976 output was exported ($4.8 billion),” 30% to the U. S.

Data become more difficult to obtain when we focus upon high technology
and 1its impact upon exports and world trade. As shown in Figure 7, this
is the only area in which the U. S. has not only maintained but increased
its trade balance. A recent symposium** on "Innovation, Economic Change
and Technology Policies" provides some insights in this area. This sympo-—
sium, sponsored in part by the National Bureau of Standards, contains
several presentations which provide some insights into the problem and
possible solutions to that problem. Of particular note is a paper
presented by Ernst~Jurgen Horn (pages 129-147), which was cited earlier.

Horn has developed a measure of the significance of high technology

products upon the international competitiveness of nations. This measure,

*
“"Japan's New Electronics Goodies, Business Brief, The Economist,
April 22, 1978, pp. 84, 85.

R
Stroetmann, Karl A. (Ed.) Innovation, Economic Change and Technology
Policies (Bonn, Germany, 1976).
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Figure 7
*
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which he calls "revealed comparative advantage" (RCA)* provides insight
into what is happening in the world arena concerning the international
sale of high technology products.

Figure 8 shows RCA values for the United States, the Federal Republic
of Germany and Japan for the periods 1963 through 1973 as well as a projec-
tion of these figures into the future. Note that the United States posi-
tion has béen eroding significantly, decreasing by about 30 units during
the time period under examination; that the Federal Republic of Germany's
position appears to have remained relatively constant although weakening
somewhat; and that the Japanese position has improved, also by about 30
units. (In this figure a negative value means that they started at a dis-
advantage.) The cross-over between United States and Japan in this parti-
cular segment of the market would occur somewhere in the period 1980 through
1985, based upon extrapolation at the current rate of change.

A similar conclusion was presented in a document issued by the
National Planning Association** in which a measure was defined of the 1ag***
between U. S. and Japanese technology, a graphic representation of which

is shown in Figure 9. The relative lag impacts upon the future relative

*This indicator measures the extent to which foreign trade surpluses
(deficits) in one product group diverge from the trade position of this
country in total manufactured goods. The measure has been normed so
that it can assume values between + 100 and ~-100. High positive values
of the measure indicate a high international competitiveness. For method
of calculation the reader is referred to the article as cited, page 144
et seq.

*%k

New International Realities, (National Planning Association, Washington,
b. C., 1978). .

hkk
This {8 expressed in terms of the relative technological change over time:
the rate of growth of oucput holding all inputs constant. TFor a precise
definition of the measure, see Christensen, L. P,, D. Cummings and
D. W. Jorgenson, "Economic Growth, 1947-1973: An International Compari-
son,” in J, W. Dendrick and B. Vaccara (Eds.), New Developments in
Productivity Measurement, Studies in Income and Wealth, Vol., 41 (New
York: Columbia University Press), forthcoming.
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*This indicator measures the extent to which foreign trade surpluses
(deficits) in one product group diverge from the trade position of this
country in total manufactured goods. The measure has been normed so
that it can assume values between + 100 and -100. High positive values
of the measure indicate a high international competitiveness. For method
of calculation the reader is referred tog

Horn, Ernst-Jurgen, "International Trade and Technological Innovation:
The German Position Vis-a-Vis Other Developed Market Economies”, in
Karl A. Stroetmann (Ed.) Innovation, Economic Change and Technology
Policles, Bonn, Germany, 1976, page l44 et seq.
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Figure 9. The U. S, - Japanese Technology Lag

This 1s expressed in terms of the relative technological change over time:
the rate of growth of oucput holding all inputs constant. For a precise
definition of the measure, see Christensen, L. R.,, D, Curmings and

D. W. Jorgenson, "Economic Growth, 1947-1973: An International Compari-
son,” in J. W. Dendrick and B. Vaccara (Eds.), New Developments in
Productivity Measurement, Studies in Income and Wealth, Vol. 41 (New
York: Columbia University Press), forthcoming.
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trade balance. The significance of this closing of the gap confirms the
data in Horn's article, and indicates that we will shortly be faced with a
competitor who is technologically on a par with the United States.

This raises the question of where are specific U. S. industries in
relation to high teghnology development or the generation of high technology
products?

As previously noted, because of the area of interest of the IEEE, we
are restricting our examination to three major segments of the U. S. indus-
trial bese in which we currently maintain a lead. These are electronics
and electrical equipment in general, the computer field specifically, as
well as the aircraft industry.

In the broadest semse we must examine the inputs to the high technology
segment of industry, by looking at the research and development expenditures
as a percentage of'the GNP (see Figure 10) as well as the number of scien-~
tists and engineers employed in the research and development areas, which
is portrayed in Figure 11. Note that both of these Figures include the
area of defense-related R&D, and this fact must be borne in mind in their
Interpretation, Half the total government outlay for R&D in the U. S. is
related to defense, whereas the comparable figures for FRG and Japan are
11% and 2% respectively. The commercial emphasis in both Japan and Germany
i1s paying off. These countries have led a huge increase in the number of

*
foreign inventions being patented in the U. S., and by the addition of

*
Technology Assessment and Forecast, 7th Report (Washington, D. C.: U, S.
Department of Commerce Patent and Trademark Office, March 1977).
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Figure 10. R & D Expenditures as a
Percentage of National GNP

Th1s includes about 50% defense-related R&D, most of which cannot be
adopted to commercialization.
*k

Th1s includes about 11% defense-related R&D.
Th1s includes about 2% defense realated R&D.
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"technical wizardry" are expanding their share of U. S. and world markets
in those less technologically exciting goods which make up the bulk of
world trade.*

The rationale for examining the high technology manufactured goods is
based upon material previously generated for the U. S. Senate Committee on
Finance.** Data were presented which indicated that high technology
industries (that is, product industries whose products depend upon the
‘application of high technology) provided for the U. S. a significant posi-
tive balance of trade as opposed to the lower technology manufactured goods
or raw materials., This was previously shown also in Figure 7. A reproduc-
tion of the table for the period 1960 through 1971 is shown in Table 3.

The specific industries categorized as high technology, medium technology
and low technology are listed in Table &4 for reference, ranked in decreasing
order of R&D investment as a percentage of shipments (1966 data)***

To bring the problem into focus, let us look at specific examples, as
previously: 1in the semi-conductor industry the lead clearly has been with
the United States for many years; the development of transistors, integrated
circuits, etc. has placed the United States in a very strong position in
this particular area. However, starting in about 1965 several developments
occurred which ultimately must have serious consequences upon the balance of

trade for the United States in this area. First, these semi-conductor

*
"The Science Olympics'", loc.cit,

*k
Implications of Multipational Firms fox World Trade and Jnvestment and
for U. S. Trade_ and Labor (Committee on Finance, U. S. Senate, February
1973). ’ :

ik
Based on U, S. Census of Manufactures.
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Contribution in Billions of

Current Dollars

Contribution to the U.S. Balance of Payments by Industrial

Segments

36

1960 1965 1970 1971

High fechnology manufactured goodsem——-—. — +6.6 +9.1 +9.6 +8.3
Agriculturel products +1.0 +2.1 +1L.5 +1.9

© Iov technology menufactured goods-——eeeew 0.9 -2.9 -6.2 -8.3
Rov materials -1,7 -2.8 -2.5 I ' }
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High Technology Industries

Electrical nmechinery and apparatus, incl.
household appliances
Drugs
Industrial chemicals
Instruments
Transportation equipment
Radio, T.V., electronic conponent s—wem—aea -
Farm machinery and equipment—ee—amm oo
Electronic computing equipment and
miscellaneous nonelectrical machinery-—w-
Office machines

Medium Technology Industries

Soaps and cosmetics
Rubber products
Industrial wachinery and equipment——e—e—eo -
Miscellaneous chLemicals not included
elsevhere
Stone, clay, and glass pProductse——mmmmmme—o
Primary and fabricated eluminum, plus
nisc. netal products
Febricated metals (excl. eluminum, copper,
and brass) -
Miscellaneous electrical machinery not
included elsewhere
Grain mill products
Plastics

low Technology Industries

Primary metals (excl. aluminum)-ce—em.. ——
Paper and allied products
Miscelleneous manufacturing (incl. ordnance,
lcather, and tobacco)
Lumber, wood products, and furnjiture-———e—-
Miscellaneous food products (excl. grain
mills) -
Printing and publiching
Textiles and apparel

Table 4, Composition of Industrial Segments
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companies begin to establish overseas operations. This is showm in

Figure 12 which shows the number of firms who established overseas opera-
tions. Note that this number moved very rapidly from approximately 15 or
20 in 1966, to almost 100 in 1971. Further, we can examine the actual in-
vestment in overseas agsembly facilities by the same semi~conductor industry.
In Figure 13 we see the number of firms as a percentage of the total who
established overseas assembly facilities, Starting in 1963 a very rapid
development began of new overseas assembly plants by the semi-conductor
industry, which reached a level of approximately 80% in 1972, Thus, most
assembiy or a significant portion of the assembly of semi~conductor products
1s currently being performed overseas by subsidiaries and joint ventures

of U. S. semi-conductor organizations.

Several counterbalancing consequences of this action can be identified.
On the positive side, the establishment of overseas production facilities
has in several cases preempted the establishment of Japanese semi-conductor
companies of production facilities in the area, and has also given the U. S.
semi-conductor industry a local sales advantage. A second positive effect
~~ resulting from one of the probable primary reasons for the overseas
movement, the availability of a large, semi-skilled labor force —-- was the
containment of total costs, resulting in consumer prices lower than
could be achileved with U. S. production.

On the other side of the ledger, we must note the loss of employment
opportunities here in the U. S. (at least in the short run) and the loss of
national income (in the longer run) due to:

a. diversion of profits and tax income, and

b. establishment of potential competitive capability
(through the transfer of the technology).
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The implication of the long term effects focuses the need for our
industrial structure to maintain a technological lead in the semi-conductor
area. This means that we must encourage innovation and the application of
leading-edge technology at an ever increasing rate.

The Institute recognizes the importance of this issue and the complexi-~
ties involved in trying to evaluate the variety of impacts. To attack
this problem, the IEEE is in the process of convening a study group_which
will bring together industrial, governmental and academic experts who will
examine the causes, modes and consequences of the transfer of high tech-~
nology from the U, S. to foreign sites. This task force will examine, to
the extent possible, the technical, economic and socio-political aspects
of these and related issues.

In the context of the present discussion, let us now examine the
question of what is the relationship between funding of research and
development and high technology, and the product output by that industry.
To do that we will examine the computer industry where some statistics are
available; this may give us some insight into at least one segment of the
total high technology area.

In examining the research and development investment as a percentage
of the total revenue of five major organizations in the computer industry,
we produced the results shown in Figure 14, It is interesting to note that
the National Cash Register (NCR) Company as well as Burroughs maintained a
relatively stable input of research and development dollars as a percentage
of their revenue over significant periods of time. On the other hand IBM
increased its percentage of research and development from approximately 4%

in the late 1950s to nearly 7% in the period 1970 through 1974,
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The two remalning companies examined were CDC and the Digital Equip-
pent Corporation. CDC shows a sporadic fluctuation in its research and
development investment, particularly during the time period 1958 through
1964, From that period on it began to decrease its research and development
investment although it was not until 1967 that the percentage dropped below
the IBM level.

During the time period 1958 through 1967 CDC was applying high tech-
nology to its product line and developing very rapid penetration of the
market for various new devices and systems which were produced.

DEC wus utilizing approximately 16.6% of its revenues for research
and development investment in 1964 and 15.2% in 1965. This appears to be
decreasing asymptotically. However, during the time period when DEC was
investing significant amounts of money in the research and development
effort it was a recognized leader in developing mini-computers and micro-
computers for sale in the United States. This penetration was successful
and it is today one of the leading organizations in that particular sub-
area of computers and computer applications., .

Figure 15 provides additional inférmation as to the impact of research
and development upon the growth and viability of various organizations
which can be classified as high technology, innovative and mature. In this
figure we have presented the average annual growth of these three groups of
organizations or companies. The apeéific growth rates spanned tﬂe time
frame 1969 through 1974.

Another issue which relates to the questions posed by the Subcommittees
concerns company size. Without external support, only large organizations

can afford the huge research investments needed to practice innovation in
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specialized high technology areas. Yet in the U. S., businesses with
fewer than 1000 employees produce 17 times as many major imnovations per
research dollar, while "medium-size' companies appear to be about 4 times
as innovativef Organizations such as Bell and IBM register a patent a
day throughout the year, but are often either too inflexible to exploit

innovations, or are inhibited from doing so by Federal regulations.

— e

*
"The Science Olympics", op.cit.
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8. Problem Summary

Let us examine the problem from a different standpoint -- what are
the effects of the lack of adequate funding? Several examples and some
quotations from competitive nations may help to place in proper focus the
more important aspects of the subject.

Some consequences of the lack of available research funds within thg
U. S. will serve as typical case-studies. The first of these involved
Dr. Amdahl, a computer research scientist who worked for IBM, having design
responsibilities for IBM models 704, 769 and 7030, and who managed the
architectural planning of IBM System 360. Amdahl left IBM in order to
pursﬁe a proposed design of a future large scale system, which would have
involved a radical change from IBM's then "present generation" computers.

Since Dr. Amdahl believed he had a technological idea whose time had
come, he established his own firm in 1970 and when sufficient financing was
not available from American firms, or venture capital sources, he proceeded
to negotiate financing from a Japanese Company, Fujitsu, which now owns
287% of the stock. Some domestic support was provided by a Chicago business
development firm, Heizer Corporation, which owns 23%. The Board of Direc-
tors controls 8%. First revenues were recor&ed in late 1975 for the
470 V/6 computer which competes with the larger, faster IBM System 370;s.
By 1977, Amdahl announced a net income after taxes of $27 million, on a
turnover of $189 million ~- a better profit rate than that shown by the
industry as a whole.* The need for foreign financing effectively transferred

*
"Europe's Chance of a Computer Revolution', Business International, The
Economist, April 22, 1979, pp. 105, 106.
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our large high speed computer system design technology not just to Fujitsu,
but to Japan, because of the national solidarity of outlook. Japan has an
integrated national policy designed to support its role as a mode?n indus~
trial leader, and administered by MITI, the Ministry of International Trade
and_Industty. Because of this phiiosophy, there is no clear distinction
between one firm and "Japan Inc." as far as relations with other nations
are concerned.*

A second example is the LITEX light fulb case, where the inventor,
Don Hollister, could not find funding for his new energy-conserving light
bulb, The major U. S. manufacturers of light bulbs apparently were not
interested in“breaking down thelir production lines in their plants and
starting a competitive business. Since venture capital was not available,
in this instance the government intervened. ERDA (now the Department of_
Energy) agreed to ugderwrite the research and development costs ($310,000).
The Government owns the patent, but Hollister has free licensing and use
rights provided he exercises them., Otherwise, the patent lapses (similar
to provisions of the Thornton Bill**) and the patent enters the public
domain.

The third example is more general, It concerns the U, S, aircraft

kkk
industry and its competitive position in the world market.

*k

*

See e.g. Oshima, Keichi, "Technology Transfer in Japan", in Cetron, M. J.,
H, F. Davidson and J. D, Goldhar (Eds.) Technology Transfer (Leiden,
The Netherlands: Noordhoff, 1974).

*k
HR 6249 (95th Congress, First Session, 1977).

* A Study of How Technology Transfer Affects the Competitive Position of
the United States in the World Aviatiom Market; Forecasting International,
Ltd., Arlington, Va.; 1972; and A Study of the Key Aspects of Forelgn
Civil Aviation Competitian; Forecasting International, Ltd., Arlingtonm,
Va.; 1976,
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In the past (since 1925) the United States has contri-
buted most of the significant technological advances
in the field. Although 22% of the ideas for advances
originated in Europe, less than 5% were implemented by
Furopean countries first. Clearly, the U. S. is very
efficient at taking a working prototype and incorpor-
ating it into an actual flying component for military
and commercial use. It is in making the transition
from a model to a successful in-service system that
the U. S. 1s particularly capable.

In order for a country to adapt a technology developed elsewhere, the
process of tgchnology transfer 1s of infinite importance. It is a
well-known fact that the acceptance, production and utilization of an ad-
vancement is often delayed for long periods of time after the initial
development of that advancement. The effects of the U. S. ability rapidly
to apply these technical advances has contributed significantly to increases
in performance capability of U. S. aircraft. In the past this has resulted
in an increasingly advantageous market position for the United States.

The cancellations of both the SST and B-1 efforts have contributed to
an erosion of our previous position. The recent sale of the French A~300's
(AIRBUS) to Eastern Airlines indicates that the American aircraft industry
may be on the verge of losing its monopoly here in the States in the medium
haul aircraft area.

U.S. aerospace firms are forming joint ventures with

foreign countries. Boeing will join with Japan on a $600

million venture to build a small (150-200 passenger) wide-

bodied, low-noise, short takeoff airbus for use on domestic

Japanese routes. The General Electric Co. has joined

forces with SNECMA, owned by the French government, to

produce the CFM 56 aircraft engine for use in STOL aircraft.

Pratt & Whitney will join forces with a German comsortium,

MIU, and an Italian group formed by Fiat and Alfa Romeo to

produce the JTIOD, a competitive engine. These engines will

compete to power the next generation of commercial aircraft
replacing the Boeing 727 and 737 and the McDonnell-Douglas
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DC-9. Other competition in this category is Britain's
Rolls-Royce which is trying to put together an engine
consortium with French, German, Swedish, Italian and
Belgian manufacturers.

The penetration of the American makret can take several forms. Not
only can the foreign organization sell to American firms, it can invest and
obtain access to the technology via that approach. A very insightful
analysis of this area was published in 1971 by Business International S.A.**
In that report, the author examines the valﬁe to the European organization
of investing in the U."S.

“The biggest reason for the greatly expanded and expand-
iny, European corporate investment in the U. S. lies in
the attractions of the market -- its size, 1its profit-

- ability, 1ts research and development stream, its new
products and industries, its new process development
and applications engineering. As one group of observers
have put it as regards the office equipment, electronic
components, and computer industries: "Operating on the
American market is no longer the natural consequence of
success on other markets, but a precondition of success
on the world market."

Manufacturing in the U. S. brings far quicker and far
closer access to the innovative stimuld of the U. S.
business environment. The U. S. has played the role
of technological and marketing bellwether for Europe
and the world throughout the postwar era. True, the
U. 8. has no monopoly on invention or discovery of
new products and processes, However, of 110 postwar
first commercial introductions ("innovations') quali-
fied as "significant' by the OECD***, 74 were first
commercialized in the U. S. and practically all 74
were first marketed by U. S.-owned firms.

*

Cetron, M. J. and James L. Duda; “International Technology Transfer in
One Industry - Aircraft", in Cetron, M. J., H. F. Davidson and

J. D. Goldhar (Eds.) Technology Transfer (Leiden, The Netherlands:
Noordhoff, 1974).

Kk
"European Business Strategies in the United States"; Business Inter-
national S.A., Geneva, Switzerland; 1971.

kK
Organization for Economic Cooperation and Development.
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Being inside the fast-changing and competitive U.S.
market brings two advantages. First, new developments can be
transmitted more rapidly to the European parent company, SO
that it can compete with U.S.-based and other European firms as
new products and methods are introduced in Europe. Second, a
corporate lead in high-income, labor-saving products in the
U.S. prepares a European firm for competitive battles in Europe,
as European markets take on "U.S." characteristics.

A good many European managers admit the need to learn~by-doing
in the U.S. in order to face what U.S. companies (or more daring
or lucky European competitors with U.S. operations) might employ
on the European market in future.

Olivetti is one company that has not hidden its desire
to learn from U.S. marketing and technology. Plessey is another
European group that has publicly stated its desire to learn from
U.S. practice. In its proposal to shareholders for the acquisi-
tion of the U.S. firm Alloys Unlimited, Plessey stated that the
acquisition would allow it to "acquire immediately a number of
products and know-how which are important to our successful
development." Plessey's deputy chairman notes that it "would be
uneconomic for us or any other European manufacturer to learn
(on his own) the skills evident in the Alloys organization."

A similar rationale underlies part of Unilever's long-
standing interest in U,S. operations. And managers of one European
petroleum company commented that "in order to be really successful
in Europe and elsewhere, we have to compete in the market where
the greatest petroleum marketing advances are being made., We
have to compete in the U.S. by direct investment operations because
the quota system prevents us from simply exporting to the States."

In all, nearly 507 of the European company managers
interviewed in this study emphasized the importance of being in
the U.S. in order to "feed back" technical or marketing skills
to the mother company.

In one of the most notable cases of a significant product
breakthrough by a European firm in its U.S. subsidiary - Sandvik
Steel's development of "throwaway" carbide cutting edges - perhaps
the most significant factor was the fact that the Sandvik group's
development director at headquarters had himself worked for two
years in the U.S, and was receptive to new product ilmprovements.
He was able to convince group management of the usefulness of
transferring this innovation from the U.S. to European operations.
A development team from headquarters was sent to the U.S. to
work with the U.S. R&D group and further develop the new product.
These improvements have accounted for a great deal of Sandvik's
impressive growth during the last decade and now account for no
less than 407 of the group's worldwide sales.,
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The majority of large European companies with U,S. operations
are in relatively high-technology industries. 21 of the 49 firms
examined ~ or nearly half - are in the '"secteurs de pointe" in
which Jean-Jacques Servan-Schreiber so feared American domination
of European industry. These sectors are chemicals, pharmaceuticals,
machinery, and electrical machinery. The average percentage of
sales revenue spent by the 49 firms on research and development
was an impressive 3.7%, without doubt a figure far above that of
European companies not investing in the U.S. Indeed, if one
compares this figure with the data available on most international
U.S. corporations, it is still high.

Not only do European companies investing in the U,S. seem’
to have more technological competence than other European companies,
but, within the former group, those companies that spend heavily
on research and devlopment have done much better in terms of sales
growth in the U.S. than those that do not. There 1is a significant
corresation (.67) between the percentage of total revenue which
companies in our sample spend on R&D and their rate of sales growth
in the U.S. market between 1965 and 1969. Almost all the European
companies in our study that spent less than 1% of their total
group sales revenue on R&D had stagnant or negative growth rates
in the U.S. during those five years. Also, there appeared to be
a relationship between total group revenue spent on R&D and
U.S. profit growth over the 1965-69 period (the correlation
coefficient was .7 for 10 companies for which we had sufficlent
information).

The primary reason for European companies' preference for
wholly owned ventures in the U.S, (and incidentally for the high
Joint-venture divorce rate) seems to be related to the nature
of the U.S. market. The desirability, perhaps the necessity, for
& European company to do R&D in the U.S. has already been mentioned.
Yet, insofar as "the management of technical innovation is much
more than the maintenance of an R&D laboratory" but is rather
"a corporate-wide task...too important to be left to any specialized
functional department*... the subsidiary's response to the ever-
changing U.S. market may require a closer coordination between
marketing and R&D than is possible with a joint-venture relationship.

*Based on 23 companies for which data were available. The reader should
be warned that this and other correlations could be the result of other
factors that, for one or another reason, could not be examined. They
should be interpreted in the context of other qualitative evidence
presented.
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Although generalizations are perilous, the case of a company
that had a joint venture with its one~time U.S. importing agent during
the first few years in which it manufactured in the U.S. seems typi-
cal. Prior to developing its own marketing competence under its
own ownership umbrella, this subsidiary was effectively cut off
from new developments in its marketplace and was not able to
get information about new applications for the particular product
it produced. After buying out its partner's sales network, it
was able to reintegrate the marketing and R&D functions in the
U.8., and went from rather dismal failure to quite considerable
success over the subsequent five years.

Acquisition seems to provide the quickest way to learn U.S,
technology and marketing skills that are new to a European group.
This was a key reason for Plessey's acquisition of the U.S.
company Alloys Unlimited. The acquisition by a European oil
company of a small U.S. refinery had a similar motivation - but this
time for purposes of learning marketing skills rather than techno-
logical gkills. The European firm's executives remarked that they
felt, in order to be a viable worldwide petroleum company, they
had to learn marketing in the market where most of their major
competitors came from. The company did not feel that its marketing
was strong enough to enter the U.S. first by setting up an explora~
tion company and then gradually working its way into competition
in refining and distribution with other U.S. petroleum companies.

A pharmaceutical company, which originally entered the U.S.
shortly after World War II by forming its own subsidiary, noted
that it had recently taken over 100% of a U.S. hospital supply
company. The company indicated that as far as possible it preferred
to avold acquisitions "and the digestion problems that acquisitions
usually cause,' but that in this particular case it felt that the
pharmaceutical business was changing so rapidly that it could not
take the time to learn medical electronics and hospital servicing
without making such an acquisition.

One experiment designed to address the problem of technological lag

and insufficiency of funds is the National Research Development Corporation

(NRDC) in the United Kingdom. This is an independent public corporatiom,

financed by government loans, established in 1948 under the Development of

Inventions Act whereby new high risk R&D ventures can be funded. The

fields covered are the blosciences, industrial chemistry, scientific equip-

ment, mechanical engineering, production engineering, electrical engin-

eering, electronics, computers and automation. NRDC assists the advance
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the advance of technology by investing money primarily in joint R&D ventures
with industrial firms and also with private investors, and receives a fair
commercial return on its investment. The Government gets a portion of the
business and a percentage of the profits, and also has a seat on the Board
of Directors. The profits derived from these ventures are reinvested in
other high risk technological ventures. Two of the noteworthy successful
projects wére the Hovercraft and cephalosporins, one of the most signifi—
cant groups of antibiotics discovered since penicillin. The latter was one
of the largest royalty earners ever to have emerged from academic research,
and repr2sa:nts an excellent example of the type of basic invention that
NRDC was expected to handle when it was established. Not only has the
Crowvn's initial investment been repaid but the revolving funds have brought
about the funding of many other R&D projects in high risk technology. These
include major contributions to the establishment of the electronic computer
industry; development of selective herbicides; development and production
of the first high speed linear motor hovertrain and of the first large
superconducting electric motor; extensive research and development of fuel
cells later used as the basis for the power plant in the Apollo moon-
landing program; etc., etc.*

Attempts have been made to evaluate contributions of NRDC-supported
innovations at the national level but appropriate techniques of measurement

are still controversial. The Corporation believes that, unlike other

*
Evidence Offered to the Committee to Review the Functioning of Financial
Institutions (The Wilson Committee), (London, England: NRDC, 1978).
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sources of venture capital, its success will not be judged solely by
reference to its balance sheet. It's aim is to continue to create new
business opportunities in the U. K. from the research work and inventions
available to it, with increased employment prospects and foreign currency
earnings from exports or license income. The E?tal NRDC investment in both
private and institutional support is not large; the rationale is that:

The cost of most of the civil development work in
this country will continue to be met out of
industry's own resources but there may be cases
where individual firms are unable to undertake,
entirely at thelr own expense, the development of
potentially valuable projects. In the export
field the need for the United Kingdom to develop
and market technically advanced products against
strong international competition puts a heavy
development burden on much of the country's manu-
facturing industry. In such circumstances there
may be merit in a collaboration between industry
and NRDC.

It is a natural consequence of the Corporation's

statutory functions that it is prepared to under-

take projects where the degree of risk is greater

than that which a commercial undertaking would

regard as justified.*
Having operated at a deficit for its first 27 years, the Corporation for
the first time in 1975-76 was able to carry forward a net surplus. The
total investment in external R&D support over that period (1949-76) was

ke

48,2 million pounds. sterling (about $87.4M at current exchange rates).
In 1977 alone it is estimated that the gross amount of new industrial

production which the NRDC helped to generate was 100 million pounds

sterling ($181.25M), with a ten year accumulated total of 600 million

*
National Research Development Corporation: An Introduction -(NRDC,
London, October 1970).

Kk
27th Annual Report and Statement of Accounts 1975-76 (London, England:
NRDC, 1976).
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pounds ($1.1B). Also sales of the ICL 1900 Series computers, towards the
development of which NRDC contributed approximately four million pounds
($7.25M), have now reached 1.1 billion pounds ($2B), while direct foreign
currency earnings by NRDC from products licensed overseas have so far
exceeded 50 million pounds ($9?.6M).*

Some rather similar experiments by the small businesg investment
companies‘(SBIC) in the U. S§. have foundered. Because of its relatively
small size,‘the typical SBIC has had difficulty in developing a competent
staff to tackle the formidable appraisal problem and in carrying the
necessaéy overhead to administer a complicated portfolio of new technical
enterprise investments. The time required today to reach the stage of
profitability is usually several year longer than originally antici-
pated.

A Research and Development Incentives (RDI) program of the National
Science Foundation attempted to pursue a gimilar program, offering to share
with industry the funding of early development of a new type of aluminum
processing. The response from industry was overvhelmingly negative,
since the large companies had large inveatments in existing equipment,
processes and products. However, a second such program has received
backing, and is now under way. This concerns a gas-fired turbine engine
whose development is being funded equally by DoE, the Gas Institute, and
General Electric Co. Al{ rights of manufacture and licensing belong Eo
G. E. Acceptance of such a philosophy seems to be closely linked to the

perception of public good.

*

Figures taken from evidence provided the Wilson Committee, op.cit,, and
converted at an exchange rate of 1,81 dollars to the pound, quoted in
The Economist, May 27, 1978.
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9.  Policy Options

Since the national perceptién is that the United States must remain
in the forefront of technological development for its well-being, we must
examine the various policy options available to us as well as the means
by which we may most expeditiously obtain the desired goal.

As we have indicated in the discussion thus far, the progression from
ideas to inventions to innovations and finally to imitation or diffusion of
the idea or the invention is highly complexs the total process cannot be
facilitated by only one set of actions. We must separately examine how
we can best enhance or encourage the generation of ideas and invention,
and then examine the method of converting or utilizing these inventions
through innovations and diffusion. In this section we will briefly mention
a few of the options available to us, and their implications. In subse-
quent sections we will summarize our findings, and suggest a program
designed to identify the most appropriate Governmental actions.

Stimulation of the innovation process could be accomplished by es-
tablishing a national focal point (or possibly more than one), which may
also serve as a source for funding research which is not directly mission-
oriented. The actual research can be performed both in national labora-
tories, such as' the National Bureau of Standards, the Oak Ridge National
Laboratory, or the Naval Research Laboratory, or by individual private
organizations.

In the second area, that is the encouragement of the movement of
inventions and innovations into the mainstream of mature production indus-
tries other approaches will be necessary. First, a broad review and

possible revision of the current anti-trust laws appear to be appropriate.
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It is important to recognize the negative psychological effects on the
attitudes of Qanagement resulting from the arbitrary enforcement of anti-
trust statutes which militate against the pooling of research information
between companies. Incentives could be provided to encourage the search
for '"quid pro quo" arrangements which would benefit the Industry as a

vhole, and also avoid wasteful duplication of effort. This is especially
significant in view of the growing scarcity of qualified research personnel.
0f equal importance, we visualize the need for the modification of the
current tax structure through investment credits, which will encourage the
rapid introduction and integration of new product ideas into product lines.

Mansfield* has shown that the spread of innovations (or if you wili
the diffusion of ideas) is highly dependent upon the investment to be made
by the organization which is applying that idea and the risk involved.

Both factors can be attacked by the government in providing either addi-
tional funding to support the introduction as well as reducing the risk
involved in failure.

Not only must we be concermed with the provision of funds and possibly
relief in the tax area but we must also recognize that there are federally
imposed requirements which tend to burden various high technology companies.
An example of this type of burden is found in the requirement for the
utilization of equipments and devices to purify or improve the environment

=~ an example might be a chimney smoke scrubber. In the past these

*

Mansfield, E., The Economics of Technological Change (W. W. Nortﬁn & Co.,
1968, pp. 99-133,
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additions, which are required for the social good rather than the direct
economic good of the nation, have been handled as if they were capital
investments. A modification of this procedure wherein these costs could
be written off much more quickly would be directly of benefit to the
industry and the economy.

In certain high technology areas it might be appropriate that a
technology impact statement be prepared, analogous to an envircnmental
impact statement, for consideration by the Government or other central
bodies in dezermining appropriate supportive and/or regulatory actions,
such as whether or not the technology should be exported. This is not to
burden the proposer nor to delay nor extend the time required to move a
new idea into full production, but it would permit a quick evaluation of
the broader impacts by requiring the answers to specific judicious ques-
tions. Some formalization and extension of the functions of the old
National Munitions Board could be implemented and formalized into a
separate element or as a more visible segment of either the State Depart-
ment or the Commerce Department.

In summary, the options available to the United States in enhancing
and fostering the technological lead of our country are numerous. _The
selection of the appropriate actions, however, requires a much more thorough
understanding of the processes involved in developing the technology and
the movement of that technology into the market place as well as the conse-
quences of transferring that technology at an early point to other competi-

tive nations.
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;0. Conclusions and Recommendations

In this section, we will present both the conclusions we have
reached based upon consideration of the issues discussed thus far, and
our recommendations for responsive Government action., Some of the
recomnendations are more specific than the foregoing materials would
indicate, due to time and space constraints; however, they are a logical
consequence of the basic contentions around which thils presentation has
been built. In particular, it is apparent that the interactions between
technology and the national economy constitute an exceedingly complex
system which we do not totally comprehend. In attempting to understand
it we are forced to work with very gross statistics. For example, we
have compared industries on the basis of the relationship between level
of sales and expenditures for R&D, but the definition of "R&D" is impre-
cise. It may include everything from minor design changes or adjustment
of formulations, to work at the extreme frontier of science. Within an
industry, "communications equipment” spans a spectrum from telegraph
keys to fiber optics. We do not have an expl;cit and acceptable defini~
tion of technology, and most certainly we have no agreed-upon unit by which
to measure it; If the technologists themselves had to work with data so
imprecise and cpncepts so fuzzy, we would still be chipping flint. Before
any cohesive policy can be developed to address the related problems,
we need more precise definitions of our terms, andia better understanding
of thelr correlationms.

We do know that the entities which we lump together under the rubric
"technology" form a complex interactive system; and we know enough about.

such systems to be aware that it is impossible to change only one factor.
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To achieve a desired goal in one area it may be necessary to accept an
undesired consequence in another. An example may help to illustrate this
point.

In 1956, as the result of an anti-trust suit which began in 1949,

Bell Laboratories began to license transistor patents widely, both at home
and abroad, and to provide "know-how" to the licensees. One consequence

of this was that transistor technology spread rapidly throughout the
American electronics industry - a desirable outcome, and healthy for the
national economy. However, a less desirable result was that other indus~
trial nations since then have been only a short step behind our technolo~
gical lead in this area. As we pointed out earlier, this is an economically
viable role to play, and the United States 1s no longer dominant in this
market.

Large electronics companies are now being harassed under anti-trust
laws which seem to have been designed for the industrial conditions pre-
valling in the time of Teddy Roosevelt, The position should be re-assessed
in view of changes over the last 80 years. The current applications of
these statutes appears designed to combat size, not to preserve competition.
(We refer specifically to the cases of IBM and Bell Telephone.) While
this harassment continues, simultaneously:

1) other countries are trying to develop a comparable 'national

champion" in selected technologies, i.e. computers, tele-
communications, etc.; and

2) technological developments such as microprocessors are weakening
the country's competitive advantages.

The point which we wish to stress 1s that the nation should make every
effort to find ways of describing this dynamic system we call technology as

a first step towards seeking means of optimizing its contributions to the
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national welfare. For this reason we are particularly pleased that these
Senate subcommittees are jointly undertaking the present investigation, and
hope that the knowledge gained will be used to guide the many goﬁernment
actlons which impinge on the system. Tax policy -- especially the treat-
ment of depreciation in the 1light of inflation, and the taxation rate for
capital gains -- anti-~trust actions, tariff and trade policies, environ—
mental prdtection and many other factors impinge on technology. As the
.service sector of our economy employs an ever increasing percentage of our
labor force - 76% at present, and predicted to reach 80% by 1980* ~ it
becomes nriicial that the nation receives adequate recompense for the
knowledge/teéhnology which constitutes the output of this sector. We
cannot tolerate the uncontrolled and underpriced outflow of this precious
resource,

It appears clear that those agencies which undertake or support R&ﬁ
should rethink their role in developing technology. The government has
played an important part in stimulating development of leading edge
technology at least since Eli Whitney and the first assembly line (for
muskets). The need for things like the railroad, the télegraph, large
computers may have been obvious at the time, but we cannot afford to wait
nowadays until -the need becomes obvious and the critical inventions are
in hand.

A deliberate search seems to be indicated for areas of technology
likely to become important, to establish long range missions where future
requirements can be identified. This 1is not to be confused with basic
research; it is concerned with mission-oriented research with .a long lead-

time, where the pay-off for private companies 1s too uncertain to justify

*
Cetron, Marvin J., and Don H. Overly, '"Disagreeing With The Future", in
Technology Review, March/April 1973.
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the funding requirements. But long lead~times and high risk do not imply
that the social returns are low. It may be an irreparable mistake, for
instance, to restrict the National Bureau of Standards - previously one
of the world's best long-range technology research laboratories - to
short-range goals.
The Mansfield amendments, which limited DoD-funded research to mission
orientation,* was successful in stopping "hobby shop" research, but it may
also have clésed off a major source of leading-edge technology. The decline
in the activities of the Naval Research Laboratories and of organizations
such as NA3A, for example in the area of domestic satellites, may seriously
affect our leadership position in the next twenty years.**
As our earlier discourse has indicated, the key resource of the tech-
nological leader is lead-time. It is essential that we capitalize upon
this resource, that we be quick to innovate, and quick to commercialize
and market. fhis requires, inter alia, that we bring together entrepreneur
finance and management/marketing skills. This problem should be addressed,
as well as the phenomenon that small companies are more likely to innovate,
but less equipped for large scale production and marketing.
In short, the structure which seems to be appearing based on our review
of these issues and our experience as a concerned institution, 1is as follows:
1. While other roles are economically viable, the generally
accepted perception of the U.S. is as a technological
leader, This implies that at any gilven time we possess
"intellectual property" having certain characteristics
which are (temporarily at least) unique to the U.S.

2. Dispersion is an intrinsic and essential component in the life-
cycle of technology. The dissemination of the technology,
and the transfer of such intellectual property, cannot and

should not be prevented; 1t can and should be controlled and
delayed.

*
Except where explicitly approved by the Secretary of Defense.

dek
The Japanese are advancing strongly in satellite communications., (See
Satellite, March 197R),
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The technological leader is burdened with the greatest expenses
and risk. Consequently he should receive some form of com-
pensation -- financial, and/or a reciprocal transfer of infor-
mation ~- for technolgical outflow.

A continuing flow of new technologies is necessary as a
replacement for those whose application and benefits pass into
the hands of other nations.

Financial and regulatory concessions/incentives are needed
to encourage such a continuing flow.

The nature of technology and its interactions with the national
and international soclo-political-economic system are complex
and difficult to describe. As a result, a change in one factor
has ramifications which in our present state of understanding
are not immediately comprehensible.

In view of these findings, we believe that our national policy should

©

be built around the following goals:

o]

to understand the nature of technology and the various factors
which govern its creation, dissemination, commercialization, and
contributions to the national welfare;

to encourage a continuing stream of creative technological
innovation within the U.S.;

to develop and institute a coordinated system of controls and
incentives which will assist in the optimization of national
benefits resulting from technological innovation and applica-
tion,

It is with these objectives in mind that we have drawn up a set of

initial recommendations for consideration by this Committee. Both specific

and general issues are addressed, and the list is to be regarded only as a

basis for further review and examination. We present this set in the form

of two subgroups, each of which requires that you authorize and/or execute

related investigations. The first set calls for direct action on the

part of the Congress of the United States. Recommendations in the second

group require Congressional approval and active encouragement for their

expeditious implementation.
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In the first group, which we believe to be of direct concern to this
Committee, the following specific items are included:

1. A committee of the United States Congress should examine the
desirability and feasibility of specific legislation requiring
evaluation and approval of the transfer to foreign industrial
production facilities of high technology weapons. On a more
general level, monitoring and/or controls should also be consi-
dered in connection with the transfer off-shore of any high
technology. An appropriate component of the monitoring process
would be the requirement for filing a '"technology impact
statement" in advance of potential technology transfer.

Such a statement would explore the costs and benefits to the

U.S. of the proposed transfer of technology to a foreign

location, not only in monetary terms but also in terms of

future technological and socio-political implications. Obviously,
the establishment of such a requirement would in itself mandate
the need for a thorough investigation of what factors should

be included in the technology impact statement.

2, A committee of the U.S. Congress should reevaluate the
relevance, in the context of our current technoclogical status,
of the Mansfield Amendment which restricts the Department of
Defense from the performance of non-mission-oriented research.
Such a restriction may no longer be appropriate.

*

3. A committee of the U.S. Congress should examine the charter
and experience of the National Research Development Corporation
in the United Kingdom. This organization funds the development
of new innovations and provides some mechanisms for the trans-
fer of those innovations into industry. A similar body could
be established in the United States and could be very appro-
priate in view of our current needs. Such a board might
include for example: one member of the Academy of Sciences
or Engineering from the appropriate discipline; one member
of the President's Economic Advisory Council; one member of
the relevant technical institute or society (e.g. Institute
of Electrical and Electronics Engineersd or American Chemical
Society); and one from the appropriate industry Association
(e.g. the Electronics Industry Association or Pharmaceutical
Manufacturers Assoclation).

4. A committee of the U.S. Congress should examine the current
charters both for the Commerce Department and for the Small
Business Administration to determine whether changes might not
be appropriate based upon the current situation, Specifi-
cally, we would suggest that the Small Business Administration,
SBA, could play a significant role in supporting high technology
ventures in small organizations. At the same time, the Commerce
Department could be redirected so that it would not only pro-
vide advice to industry concerning foreign and domestic market

*
Unless a specific exception is approved by the Secretary of Defense,
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potentials but could also assume the leadership role in a somewhat simi-
lar fashion to the Ministry of International Technology and Industry
(MITI) which has been very successful in the Japanese context.

A committee of the U.S. Congress should reexamine the

current anti-trust policy and statutes. It should reassess )
the ultimate benefit to the United States' economy of the appli-
cation of these laws to a corporation based on its size rather
than its activities in constraining and restricting trade.

The competitive status of the nation as a whole could benefit
from appropriately monitored cooperative ventures between
industry leaders and the encouragement of internationally
recognized centers of excellence.

A committee of the U.S. Congress should explore methods of
allowing small and innovative organizations in particular,

but also large corporations when appropriate, a rapid
write-off for capital investments which are required for envi-
ronmental protection or occupational safety. These invest-
ments do not contribute to the actual productive or R&D
capacity of the organization and therefore an equitable write-
off procedure should be developed as a replacement for current
regulations.

A committee of the U.S. Congress should examine the problem of
establishing equitable methods of depreciating high replacement
equipment costs due to inflation and, at the same time, consider
more favorable approaches to depreciating capital expenditures
required to perform R&D.

A committee of the U.S. Congress should explore the feasibility
of extending the concept and coverage provided by our patent
laws to such new arts as the development of computer software
or semi-conductor device masks.

The remaining recommendations are less well focussed but also merit

your seriocus and deep consideration, although specific actions may be less

clearly identifiable at this point in time. These include the following

suggestions:

1.

Methods of encouraging and facilitating Government-industry-
academic cooperation should be examined. One such mechanism
could be a series of governmental/industrial committees, similar
to the MITI organization in Japan, to offset the adversarial
relationship which frequently exists between govermment and
industry. It would be necessary to examine possible transgres-
sion of federal procurement or related regulations.,
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Efforts should be made to strengthen government laboratories

and increase the expertise needed to facilitate the commerciali-
zation of the results of mission oriented R&D. NASA has insti-~
tuted various programs to accomplish this, but there is a need
for more to be done -- the question is how and when. This may
very well be appropriate for a committee of the Congress to
begin to examine.

As a corollary to the two above recommendations, we suggest that
such organizations as the National Bureau of Stanaards and
similar centers of excellence should be funded on a long-temrm
basis and be permitted to perform non-mission orilented research
to provide the scientific basis for future innovations and
diffusion of that technology throughout American industry.

A means should be found to permit the exchange of personnel
between Government laboratories, industry and the universities,
so that interpersomnal expertise and information can flow through-
out the "technology system'. The question of how best to accom-
plish this should be examined in depth. N

We suggest that the United States Government should in some
fashion support graduate engineering and science students in

their initial attempts to adapt to and be employed by industry.
How this could be done is unclear; however, a program could be
established to fund a portion of the salaries of graduate students
who might be willing to work during the summer, both in small

as well as large corporations throughout the United States.

The advantages both to the industry and to the academic commu-—
nity would be significant.

An examination should be undertaken of means whereby merged or
combined cooperative research can be performed in the United
States in such vital areas as very large scale integration
(VLSI), taking into account the current anti-trust laws. We
must recognize that the Japanese have already been active in
this particular area for some two years.

An urgent need exists for the proper definition and description
of the dynamic system which we call technology. The effort must
be undertaken by not one organization but by several groups
where the results can be merged and over a period of time
(possibly flve to ten years) a better understanding of the com-
plete interaction between the developing technology, the indus-
trial application of the technology, and the economics involved
both in funding the industry and in the return on their invest-
ment can be obtained. Whether this is appropriate for the
Congress or not is unclear; however, the initial stimulus for
such an undertaking should stem from the Congress.

There is a need to identify future technologies which are likely

to become important to the national interest. The identification
of these technologies and the nurturing of them over a long
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period of time should be the responsibility of not one specific
organization but several, Whether appropriate organizations exist
within the current structure or not is unknown but some thought
should be given to this particular point so that the greatest
advantage can be obtailned to the United States.

In summary, we are in favor of a policy designed to increase the
supply of technology and thus the amount that may safely be exported at a
reasonable price. This would seem to be both practical and productive,
and thus the government can significantly foster and encourage the process
of technological innovation, and sharpen our competitive edge in the world
economy. We believe that the Congress can act as a spearhead not only
in dnvestigating and providing the legal foundations for some of the
actions required, but in stimulating universities, industrial organizations
and the Federal Government to undertake and to carry to fruition those

activities necessary for a vital and dynamic America in the third century

of our existence.
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_STATEMENT OF
AEROSPACE INDUSTRIES ASSOCIATION OF AMERICA, INC.
SUBMITTED FOR RECORD
OF JOINT HEARINGS OF
SUBCOMMITTEE ON INTERNATIONAL FINANCE
OF THE COMMITTEE ON BANKING, HOUSING AND URBAN AFFAIRS
AND THE
SUBCOMMITTEE ON SCIENCE, TECHNOLOGY AND SPACE
OF THE
COMMITTEE ON COMMERCE, SCIENCE AND TRANSPORTATION

May 1978

The Aerospace Industries Association of America, Inc., represent—
ing 48 of the nation's major manufacturers of aircraft, spacecraft, missiles and
related components and services, appreciates this opportunity to comment for the
record on the competitiveness of U. 5. high technology exports in world markets.
As leading producers of high technology products, aerospace manufacturers are
extremely concerned about erosion of America's long heralded technological super—
iority. It is apparent that exports play a vital role in strengthening the U. S.
economy and the facts show that the U. S. is losing market position in certain
high technology products at a time when the nation can ill afford such a trend.

In 1977, the U. S. aerospace industry generated $32 billion in
sales, of which $7.6 billion -- 23 percent of the total -- was exported. Some
900,000 people are employed by the industry and we estimate that approximately
200,000 of that number owe thelr jobs to the export market.

Historically, U. 5. manufacturers have been the dominant force in
the world air transport market, having risen from about 72 percent in the late
i950's to approximately 95 percent of the market value during the early 1970's.

(Graph 1) However, this share has now fallen to about 80 percent as European
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companies achieve airline acceptance with such transports as the A-300, Mercure,
VFW-614, Trident and Concorde, as well as with aircraft engines built by Rolls
Royce and SNECMA.

Compare, for instance, U. S. aerospace revenues with those of France,
the United Kingdom, and the EEC on an index basis with 1970 as the base year.
(Graph 2) By 1975, France's revenues had grown by 35 percent, the U. S. by
31 percent and the EEC by 27 percent. For the same period, the U. S. dropped to
72 percent of its 1970 level.

In addition to transport aircraft, the U. S. aerospace industry
exports an array of other products, general aviation aircraft, helicopters, engines,
parts, spares and accessories and, certain items which fall within the category
of arms. The latter, of course, are also high technology exports. In 1970 (Graph 3),
the total world military export market amounted to $6 billion, of which the U. S.
share was 53 percent and the Soviet Union's share 26 peréent. The 1975 proportiens
of the total were similar, with the U. S. shipping $4.9 billion and the Soviets
$2.6 billion, assuming the latter figure is not underestimated. Therefore, it 1is
evident, again using 1970 as the base year, that the U. S. has not accelerated
its arms exports any more than the other arms exporters. France, in fact, has
increased such shipments threefold from 1971 to 1975, and West Germany and the
Soviet Union have approximately doubled such exports in the past two or three
years. )

In short, although high technology products still make a positive
contribution to the U. S. balance of trade in all five categories identified by

the National Science Foundation, a leveling trend is now at work. (Graph 4)
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Why is this happening? We believe there are five reasons, to wit:

o Our R&D performance i1s in need of revitalization;
o Our capital investment needs upgrading;

© Qur traditionally high level of productivity is being
challenged by other industrialized nations;

o The value of the U. S. dollar is deteriorating relative to
foreign currencies;

o There is uncertainty as to future U. S. government policies
governing all such matters.

Why are many otﬁer industrialized nations becoming more
competitive in high technology? Investment trends provide a partial clue.

The U. S. lags behind its major competitors (Graph 5) in both
real private fixed capital formation growth and as a percent of GNP. Since
1972, the U. S. recorded a four-percent drop in capital formation -- a decline
of 14 percent as a percent of GNP, We have demonstrated a reluctance to invest
in the factors of production that are so necessary for the maintenance of modern
efficient plant and equipment. Simply stated, we are permitting Japan, Canada,
France, and even the U.K. and Italy to outdistance us in capital formation.

Additional evidence of the U. S. capital shortfall is the fact that
Western Europe, Canada, Japan and more recently the OPEC countries are seeking
to £ill this capital vacuum, The Treasury and Commerce studies commissioned by
the Foreign Investment Study Act of 1974 reported that foreign cumulative direct
investment in the U. S. jumped from just under $9 billion in 1965 to nearly
$27 billion in 1975 -- a three-fold increase in only ten years. The best informed

sources estimate that these past two years provided bumper markets for the foreign
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investors in U. S. industry. For obvious reasons the OPEC countries have
been especially active U. 5. investors in recent years.

A second area of U. S. deficiency is the level of research and
development. Such investment is one of the most reliable measures of a country's
future political objectives and economic goals, (Graph 6) Most of the R&D
performed throughout the world can be attributed to seven nations: the Soviet
Unjon and the six depicted in the chart. Differences in Soviet definitions
and accounting make comparisons with that nation most difficult, hence its
absence from the graph.

The U. S§. differs significantly from the other major R&D performing
nations in that a larger share of our government-funded R&D is allocated to defense
and space. Currently, the U. §. allocates roughly 60 percent of the government's
R&D funds to these two categories of expenditure. Japan, on the other hand, is
spending only 7 percent in these areas.

For the advancement of knowledge -- basic research -- the U. S.
has been allocating less than 5 percent, while the U. K. -- second from the bottom
-- finds 20 percent for this purpose. West Germany and Japan are allocating 50 to
55 percent of their total available R&D money to this field, a cause that will
undoubtedly pay handsome dividends in the future. Perhaps more importantly than
the allocation, is the fact that since the early 1960's many of these countries,
including the Soviet Union, have been increasing expenditures for R&D as a percent
of GNP. 1In 1964, U. S. R&D expenditures stood at about 3 percent of GNP; today
it 18 no more than 2.2 percent.

In addition to the steady increase in R&D performance, our indus-
trialized competitors are showing the same upward trend in the employment of

scientists and engineers, (Graph 7) The U. S. experienced a 9 percent decline
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in the number of professionals engaged in R&D per 10,000 population from

1969 to 1971. The rate has remained constant for nearly a decade. In the
meantime, the employment of scientists and engineers in R&D rose at a faster
rate in the other countries than did their total population. Not only has the
Proportion of R&D scientists and engineers per 10,000 population in the U. S,
declined, but the actual number employed has fallen by some 26,000 between 1969
and 1975, most of which came out of aerospace.

These trends -- capital investment, R&D funding and trained pro-
fessionals ~- are three major inputs to productivity. Many other factors affect
productivity growth: technological change, management organization and systems,
imported technology, and changes in social, economic and political institutions.
While it is impossible to measure the impact of each of these factors, it is
generally agreed that advances in technology increase productivity more than any
other single factor,

In terms of growth in the output per man-hour (Graph 8), Japan ~-
with 105 percent growth since 1967 —— has outpaced the other countries shown.
During the same period, U. S. productivity has grown only 22 percent. Even the
U. K. witnessed 25 percent growth, while West Germany jumped 62 percent. Prior
to 1967, the U. S. was showing greater increases in output per man~hour than
the other countries.

Trends in workers' compensation (Graph 9) in recent years tend
to favor the U. §. In 1960, hourly compensation in U. S. manufacturing was more
than double that of any other country except Canada., Now, fifteen years later,

the difference has narrowed or has been eliminated entirely due to large com-
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pensation increases abroad and the weakening of the U. S. dollar. In terms
of unit labor cost, large wage increases along with falling or marginal increases
in productivity in 1975 led to increases in unit labor cost of 1l to 15 percent
in the U. S, and Canada, over 20 percent in Japan and France, and over 30 percent
in the U. K. West Germany, with a 7 percent rise, was the only country lower
than the U. S. Thus, this indicator is one area in which we appear to be at
least competitive, and as the wage rate gap continues to narrow the U. S. could
be producing at unit labor cost levels below some of the countries shown in the
comparison.

The current devaluation of the U. S, dollar in the internatjonal
money markets can be compared to a slow~burning fuse on a bomb that is ready to
explode. (Graph 10) Between 1970 and 1976, the U. S. dollar lost 10 percent

] of its international buying power; between 1977 and 1978, the decline was 5

percent. It has been said that the recent rapid decline of the dollar will make
U. S.-manufactured goods more attractive in the world marketplace. That can only
be true for the short run, and the long~run implications are far more serious.
If the dollar continues to devalue, OPEC could very well begin to quote oil prices
in some other currency and the increasing cost of imported goods would perhaps
result in import controls as a means of reducing the trade deficit. If import
controls are imposed by the U. S., our trading partners could in turn impose
controls over the goods which we export to them.

In addition to policies governing capital formation, government-
funded research and development and devaluation of the dollar, the low level
of government export promotion efforts and in some cases, government actions

which would seem designed to actually discourage exports, are a final problem .
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area, The Department of Commerce, for instance, has been reducing its
activities in the promotion of U. S. exports, particularly in the area of
aerospace exports, using the rationale that there is no "market entry" problem
with aerospace exports. It seems somewhat shortsighted, however, to reduce
government encouragement of exports which enjoy a positive balance of trade -- it
would be more logical to support products demonstrating such a trend.

Again on the basis of comparison (Graph 11), the United States
falls well below the average $35 million invested by our five closest competitors
for export promotion. While the governments of Canada, France, and Japan each
spent less than the U. S., these numbers conceal additional export promotion
devices in those countries. Calculated as dollars spent per million dollars of
manufactured goods exported, the U. S. spent only $338 per million compared with
an average $900/million for cach of the five other countries. Except for West
Germdny, which spent only $136/million, the other countries spent over twice as
much, with the U. K. reaching a high of $2500/million.

Government policies toward such important export promotion devices
as the Domestic International Sales Corporation, Section 911, and the Export-Import
Bank have been equally inexplicable. Apparently it is the intention of the admin-
istration in the former case, and some members of Congress in the latter two cases,
to weaken these useful institutions. In addition, imposition of such socilally
motivated export controls as the Arab boycott further undermines our trading
position abroad. Although such policies affect all exports, the impact on high
tecﬁnology exports has been particularly noticeable.

Because it was our understanding that the Subcommittees wanted to

concentrate on what the United States might be doing "wrong" with respect to high
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technology exports, we have not included complicating factors which result

from what our competitors are doing "right" -- from their standpoint. Besides

the aforementioned high levels of capital formation and investment in R&D, such
countries deploy a number of political and economic non-tariff barriers and
financing schemes which decrease competitiveness of U. S. high technology products.
While it would not be within the purview of the U. S. Congress to cause the elim-
ination of such factors, we feel that attention to the domestic U. S. factors
already mentioned would help manufacturers of high technology products to com-
pensate for such barriers until such time as these barriers might be eliminated

by negotiation.

In summary, we feel that continued and increasing, rather than
leveling, high technology market leadership of the U. S. aerospace industry is
dependent upon the following:

o A healthy and vigorous U. S. domestic economy capable of

generating sufficient capital formation and market demand
for U. S. products -- both domestically and internationally;
o Long-term financial stability of the U. S. aerospace industry;

o A joint effort between industry and government to maintain a
superior technological base;

0 Long~term competitive financing for our customers, coupled
with industry's ability to maintain a strong marketing and
post-sales support program; and

o A free and open world trade environment with equality of
market opportunity.

Securing such an ambitious combination of policies and attitudes
will be no easy task. Recognition that there may be a problem -- and we believe

these hearings to be an encouraging sign that such recognition may be forthcoming
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== 1s an important first step. High technology has long been our greatest

asset. In an atmosphere where sale and use of technology breeds more and better
technology, export of high technology products is vital to maintaining the

standard of living and way of life of most Americans.
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RELATIVE PRODUCTIVITY
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UNIT LABOR COST TRENDS
IN MANUFACTURING

AVERAGE ANNUAL CHANGE RATE, U.S. DOLLAR BASIS
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TEXAS INSTRUMENTS
INCORPORATED

May 15, 1978

Honorable Adlai E. Stevenson

Chairman

Subcommittee on International Finance

Committee on Banking, Housing and
Urban Affairs

United States Senate

Washington, D. C. 20510

Dear Mr. Chairman:

I have followed with considerable interest the series
of public hearings conducted by you and your Subcommittee in
recent weeks which have focused upon the competitiveness of
U.S. exports., A special concern which we share and which
will be examined on May 16 by the Subcommittee is that of
the competitiveness of high technology U.S. exports in world
markets and the potential adverse impact on exports from
declining research and development expenditures by U.S.
Government and industry.

Through this letter, I should like to share several
thoughts with you and the Subcommittee and respectfully
request that its contents be made a part of the hearing
record at the appropriate place.

We at Texas Instruments believe that any examination of
the competitiveness of high technology exports should include
a consideration of the adverse impact on exports that will
result from regulations recently promulgated by the Internal
Revenue Service. I recognize that your Subcommittee has no
legislative jurisdiction with regard to the IRS; however,
these regulations are so intertwined with the subject matter
of your hearings that I would urge that the Subcommittee
give them serious examination.

The regulations to which I refer (Treas. Reg. §1.861-8)
provide new and complex rules for determining the amount of
a U.S. taxpayer's total research and development expenditures
which must be apportioned against the taxpayer's foreign
source income. As a result of the application of these new
rules, many U.S. taxpayers engaged in exporting high technology

13500 NORTH CENTRAL EXPRESSWAY s DALLAS + 214-238-2011 » TELEX 7-3324 « TWX 910.867-4702 s CABLE: TEXINS
LS - Gyalle
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products will find themselves unable either to credit or
deduct a portion of the income taxes paid to foreign govern-
ments, The resulting increase in taxes will be significant
and will require U.S. companies not only to reassess the
desirability of developing export sales rather than domestic
sales but also the placement of research and development
activities overseas to the detriment of the U.S.

Before the January, 1977 amendment of §1.861-8 of the
Income Tax Regulations, U.S. research and development expendi-
tures were apportioned against the U.S. taxpayer's foreign
source income on the basis of the gross income of the U.S.
company only. Now they are apportioned, through a complex
formula, on a theoretical "worldwide activities" basis, the
usual result of which will be an increase in the amount
apportioned against foreign source income. Let me explain
how this can result in companies with large research and
development expenditures in the U.S. bearing an excessive
tax burden. A review of foreign tax credit rules may be
helpful.

(1) In order to prevent double taxation of income,
foreign income taxes paid by a U.S. company (or
"deemed" paid by its subsidiaries) are allowed as
a dollar-for-dollar offset (credit) against U.S.
income taxes up to the amount of the foreign tax
credit limitation or ceiling.

(2) Foreign tax credit limitation is calculated as
follows:

[Foreign source income] x [U.S. income tax rate]

(3) The new §1.861-8 regulations reduce the foreign
source income factor in (2) above by allocating
more research and development expenditures incurred
by U.S. companies to it. Therefore, the foreign
tax credit limitation or ceiling is reduced.

(4) With a lower ceiling or limitation, some foreign
taxes may not be creditable against U.S. income
tax, with the result that the overall tax burden
is in excess of the U.S. tax rate.

As you can see the new rule provides an incentive to
place research and development activities abroad where they
are tax deductible and do not impact the foreign tax credit
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limitation. Moreover, to the extent that industry acts in
response to this incentive, high level technology and the
related products will originate abroad, also, to the detriment
of U.S. exports.

A day of reckoning must come because U.S. business
cannot afford a total tax burden in excess of the U.S. rate
and remain competitive. 1In contrast to the U.S., many
governments, e.g., Japan, France, and the United Kingdom,
assist business in their efforts to increase exports.

I would urge the Subcommittee to use its suasion in
encouraging the Department of Treasury to consider the
unfortunate impact of §1.861-8 that I have outlined. I
would hope that the Department, upon reconsideration, would
correct this potential problem before it reaps a harmful
effect.

Confident that the witnesses who will appear before
your Subcommittee during public hearings on the 16th will
develop a variety of other areas of concern with regard to
the competitiveness of high technology U.S. exports, I shall
not prolong this letter in an effort to share additional
suggestions, with one exception. Amidst the increasing
concern which accompanies the growth of our inflation rate
here at home, it should be stressed that in large part
inflation springs from a low rate of productivity growth.
Not only will R&D and a new technology effort serve to
strengthen our nation's international: competitiveness, but
in turn they will function to elevate and bolster our sagging
productivity.

Economic research by Edward Denison at Brookings, among
others, indicates that almost one-half of the U.S. increase
in productivity for the last thirty years is attributable to
technological innovation. Technological change interacts
with, and is embodied in, new capital goods. However, it is
a distinct process and one that can often be capital-savings
rather than capital-using.

Statistics in recent years have underscored the simple
truth that the U.S. is consuming more as a percentage of
GNP, dedicating a declining percentage of resources to R&D,
and investing less. You and the Subcommittee are to be
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commended for devoting attention to the myriad of factors
which have contributed to this unfortunate trend.

If in your further deliberations in this subject area
you feel that I might be of assistance, please call upon me.

Sincerely,

Sl )/X Z \J(zf;// Z -
John M. Walker

Senior Vice President
and Treasurer

IMW/sc
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THE COMPETITIVENESS OF U.S. HIGH-TECHNOLOGY EXPORTS

Testimony prepared for
The U.S. Senate Committee on Banking, Housing and Urban Affairs
Subcommittee on International Finance

Dr. Lawrence G. Franko, May 1978*

Numerous studies have established beyond a reasonable
doubt that there 1s a close relationship between the high
levels of Research and Development (R&D) activity in certain
U.S. industries, and the success of those industries in world

¥
export markets. In general, high R&D expenditures and (what
amounts to roughly the same thing) a high proportion of scien-
tists and engineers among an industry's work force, are the
hallmarks of sectors in which U.S. exports are a -- usually
very large -- multiple of U.S. imports.

Any 1ist of the U.S. manufactured products that dominate
world trade in their flelds is also largely a 1llst of products
in which R&D expenditures as a percentage of sales or of value
added are 'among the highest in all U.S. industry. Aircraft,

* Director, Project on American Policy and European Economic
Interests, Carnegie Endowment for International Peace and Ad-
Junct Professor of International Business Diplomacy, Georgetown
Unlversity. Formerly Professor of International Management,
Center for Education in International Management (CEI), Geneva,
Switzerland, and Director for Continental Europe of the Harvard
Business School Multinational Enterprise Project.

** The relevent studles include Branson, William, and Junz,

Hellen, "Trends in U.S. Trade and Comparative Advantage" Brook-
ings Papers on Economic Activity, No. 2, 1971;

Keesing, Donald B. "Labor $Skills and Comparative Advantage”,
American Economic Review, Vol. 56, No. 2 May, 1966 pp. 249-258;
and

Gruber, Willlam, Mechta, Dileep, and Vernon, Raymond, "The
R%D Factor in International Trade and Investment of United
States Industries" Journal of Political Economy, No. 75,
February 1967, pp. 29-37
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both civil and military, sclentific instruments, computers and
business machines, electronics, telecommunications and other
electrical equipment, and chemicals and pharmaceuticals are
leaders on both lists. The nuclear power generatlon equipment
industry, still among the leaders in R&D intensity, no longer
accounts for significant U.S. exports. But many would attribute
this development to changing U.S. regulatory and non-prolifera-
tion policles, rather than to any major decline in technological
capability relative to foreign competitors. Some observers
would even count U.S. export success in agriculture as being
related to R&D expenditures and activity: 1t has been noted
that relative to other countries, U.S. agriculture is a high-
technology business. Although current R&D outlays related to
agriculture and agribusiness are not large, as a percentage

of sales or value added, U.S. research into high-yielding crop
varietles, and into fertilizer and irrigation applications,

has clearly had much to do with U.S. export prowess in this
area.

Unfortunately for the "bottom-line," short term, aspira-
tions of both public policy and private business decision makers,
the long and complex link between a change in R&D expenditures
and a change in exports 1s poorly understood -- and therefore
not easily predictable. R&D expenditures are inputs into the
processes of discovery, development, and commerical introduction

of novel producfs and processes; they are not the product and
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process outputs which give competitive advantage themselves.

In addition, historical studies show that commercial ﬁayoffs
from R&D tend to involve very long lead times before the fruits
of increased expenditures are harvested in increased domestic,
let alone international competltiveness.

R&D 1s investment in human capital, and neither the pay-
offs nor the timing of payoffs of such investment 1s calculable
with the precision of, say, the returns from buying a new
machine or building -- or even from spending money on an ad-
vertising campaign. Indeed, glven unfavorable governmental,
soclal, or business conditions, R&D expenditure per se can
turn out to be quite unproductive of commercilally useful inno-
vation. (The Soviet Union and Eastern Europe have long spent
amounts on R&D not greatly less than U.S. totals, yet, except
in the military area, their harvest 1n internationally marketable
innovations has been meager. This result has been attributed
to a lack of market-oriented incentives, and to an excesslve
separation of academic and other research insitutes from the
needs of enterprises.*)

The very lack of a clear, deterministic 1link between R&D
expenditure input and new-product or new-process output, of
course, makes R&D one of the first things to be sacrificed
by "cost consecious", flnancially-oriented managements and

* Wasowski, Stanislaw (ed.), East-West Trade and the Tech-
nology Gap, Praeger, N.Y., 1970.
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government agencies in times of economic downturns or uncer-
tainty, or when for other reasons firms and governments em-
phasize current comsumption and payouts over future returns.
Moreover, because the link is not yet subject to neat mathemat-
1cal specification, technology 1s simply left out of the econo-
mic forecasting models on which economic pollcy in the U.S. is
based. Yet, there can be no doubt whatsocever that U.S., exports
would be vastly less ~- at current dollar exchange rates and
with current political and foreign policy restrictions in force --
had not the U.S. led the world in R&D based innovations such as
the wide-bodied jet, high-thrust Jet engines, precision-guidance,
the xerox copiler, the computer, electronic semi-conductors,
satellite communications, instant-photography, penicillin, hy-
brid seed-grain development, genetic breeding and so forth.

All of these innvoations were based on a good deal of
"R" -~ much of it not of U.S. origin -- and much more "D".. Most
had very long lead times before the required technical and commer-
cial break-throughs were made. Contrary to the view that "govern-
ment never does anything except 'interfere' with business", a
very large proportion of these innovations -- perhaps a majority
(though I am not aware of any recent tabulation) -- were nur-
tured by the U.S. government.

The Government Role in Fostering U.S. Comparative Advantage

The U.S. government role in nurturing U.S. high-techno-
logy of a kind which later found world markets has rarely been

studied. The studies that are available, particularly the now-



249

aging OECD "Technology Gap" series of the late 1960's strongly
Suggest that U.S. government support was critical noﬁ only, and
perhaps even not mainly in R&D funding -- although that funding
can hardly be gainsaid.* Often, successful U.S. innovations

of a sort later commercialized abroad have been directly related
to the U.S. government's role as an early, large, and, above
all, constant and predictable customer for whatever it was that
was being developed. The role the U.S. government played as

a source of demand for new products and processes, and as a
constant, forebearing customer in computers, semi-conductors,
Jet-alrcraft, nuclear power generation, telecommunications, and
even some pharmaceuticals and chemicals has for some reason
rarely been emphasized or even recognized in most U.S. economics,
business, and history textbooks. Perhaps this role of govern-
ment In so strongly underpinning U.S. comparative international
advantage was too embarassingly at odds with the notion that

it was purely "private" enterprise that made America great. But
a few histories of the great, internationally competitive Ameri-
can innovations are available,** and they show an oft-recurring
* See McCulloch, Rachel, "Research and Development as a
Determinant of U.S. International Competitlveness,”" unpublished
TS, drafted for the Committee on the Changling International
Realities, National Planning Association, March, 1978, and es-
pecially Table 4, p. 12, which details government and business
R&D expenditures by industrial sector.

¥*  See especially the OECD series on Gaps in Technology (OECD,
Paris, 1969), especially Computers and Electronic Semi-Conductors

See also OECD, the Conditions for Success in Technological Inno-
vation, Paris, 1971.
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pattern of the U.S. government setting a defense or other
priority, keeping to it over a period of years, and then getting
Industry to targef its efforts at that priority by keeping the
purchases coming (and perhaps by not being too finicky over
cost-overruns and keeping to budget as long as basic objectives
were met: the point could use further investigation, but a
short-term "budget" or financial mentality has often appeared
harmful to innovative productivity).

The seemingly underpublicized and underappreclated role
that the U.S. government has historically played in underpin-
ning many internationally successful 1lnnovations gilves special
piquaﬁcy to the oft-noted dramatic¢ decline in U.S. government-
funded R&D from its heights in the late 1960's to current levels.
(See Figure I for data on trends in total U.S. R&D expenditures
and international comparisons. Figure I compares different
countries' total R&D expenditures. Table I, which details
business R&D investment, shows that R&D expenditure by the
private sector has remained relatively constant as a proportion
of U.S. GNP. Thus the overall U.S. decline was caused by a
change in government policy.) The decline was not only relative
to the efforts of America's commerical competitors -- as was
largely the case with privately funded U.S. R&D. The decline
in government funding for R&D was large and absolute. Moreover,
according to some who concern themselves with the U.S. defense,
health, and energy industrilal bases, it was accompanied by a

move from a climate of falrly predictable government demands
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Figure 1

Research and Development Expenditures as a Percent of GOP
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Table 1

R&D Financed by Business Enterprise
(Percent of GDP)

1971 1972 1973 _ 1974

Austria 0.46 0.46 0.47 0.51
Belgium 0.72 0.73 0.76 —
Canada 0.40 0.38 0.37 0.36
France 0.70 0.69 0.67 0.67
Germany 1.13 1.16 1.14 1.15
htaly 0.52 0.52 0.50 0.48
Japan . 1.09 1.10 1.13 117
Netherlands 1.14 1.14 1.13 1.1
Sweden 0.83 0.85 0.89 0.91
Switzerland 1.98 2.00 1.99 2.00

United Kingdom 1.00 0.80 084 -

United States ~_ 1.00 097 097 097

Table based on OECD data. information furrished
by the Embassies of the respective countries, and
NPA estimates.
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TABLE II

Britain France Germany ltaly Japan USA

1960
1967
1968
1969
1970
1971
1972
1973
1974
1975

Source: US Department of Commerce

28-558 O = 78 =17

15.3%
11.6
10.8
10.7
10.1
10.5
9.6
8.8
8.3
8.9

9.1%
8.1
7.8
7.8
8.3
8.3
8.6
8.5
8.1
9.0

18.2%
18.7
18.6
18.7
19.0
19.2
19.2
20.0
20.2
18.5

4.8%

6.7
7.0
7.0
6.9
6.9
7.1
6.1
6.1
6.7

6.5%

9.4
10.2
10.7
11.2
12.6
13.4
13.1
14.7
14.4

22.8%
20.3
20.1
19.3
18.4
171
16.2
16.4
17.7
18.0
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on industry to one in which procurement levels and pfiorities
began to change with temporary shifts in political winds.

Private R&D Myopia

During the decade during which U.S. government-funded R&D
was being allowed to decline, absolutely and relative to for-
eign countries, private R&D, at least 1n most sectors seemed
to stay at roughly the same level of expenditure as a percen-
tage of U.S. Gross National Product. (See Table I.) But
this practice of more-or-less keeplng R&D expenditures in line
wlth the general increase in economic activity occured at a
time when several other countries' private R&D actlvity was
increasing rapidly. It was as 1f the U.S. private sector based
its R&D investments in human capital not on what international
competition was doing, but on a rule of thumb that said "keep
R&D adequate for growth in the domestic economy."

One explanation for this seeming R&D myopia may be that
U.S. business fell too easily for the public-relations slight-
of-hand perpetrated by J.J. Servan-Schreiber when he tltled his
book "The American Challenge". Few seemed to notice that the
process of American corporate expansion into foreign markets
during the 1950's and 1960's, when it was described by serlous
scholars like Raymond Vernon, looked not like an American chal-
lenge but rather like a foreign "vacuum cleaner", sucking out
products and processes the U.S. had developed during World War II
and the Cold War that followed.* In that view, 1t was only to
* Vernon, Raymond, "International Investment and Interna-

tional Trade in the Product Cycle," Quarterly Journal of Econo-
mics, Vol, 80, No. 2, May 1966; and

Sovereignty at Bay, Baslic Books, N.Y., 1971.
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be expected that the suction on U.S. exports would slacken when
the rate of U.S. innovation relative to that in other countries
slowed down, and when (or if) other countries' real incomes

and production capabllities came to rival those éf the U.S.
This sequence of events has happened -~ quite apart from the
depressing effects on U.3. exports of any temporary cyclical
effects of the differentially slower growth of foreign econo-
mies emphasized by many economists, or the cumulative effect

of U,S. foreign policy restrictions on exports ﬁoted by the
U.S. business press.*

But perhaps one reason why U.S. business as a whole did
not respond to changing international competition-- and just
focused on keeping even in R&D investment in the domestic mar-
ket -~ has to do with the fact that, contrary to the mythology
of "the U.S. multinational enterprise”, so few U.S. firms are
aeriously involved in international business. it is a truism
that only some 7% of all U.S. firms have ever exported and that
only some 200 of the Fortune 500 largest companies can be con-
sldered "multinational", in the sense of having extensive for-
elgn production opgrations.** Most U.S. business is literally
flying blindfolded in a world airspace increasingly crowded
with forelgn competitors who, thanks to small, open, raw-mate-

rials-short domestic markets, elther feel they have to keep

* Business Week, "The Reluctant Exporter", April 10, 1978.

bk Harvard Multinational Enterprise Project
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aware of foreign markets in order to survive, or have govern-—
ments who urge the point on them.

However, short of U.S. government support for the estab-
lishment of Japanese-type trading companies ~- an institution
notably and regrettably lacking from the pantheon of Amerlcan
business practice -- "getting U.S. small business to export"
to a degree that would amount to much in terms of the total
U.S. trade balance seems unlikely. Small, domestic firms quite
rightly consider foreign markets mysterious, risky, complicated
places, particularly in a world of unpredictably flexible ex-
change rates -- that supposed panacea for U.S. export ills.
Some may consider the fact regrettable, but export business is
big busineés. For that matter, so is most U.S. R&D: the Na-
tional Science Foundation estimates that some 80% of all pri-
vate U.S. R&D spending 1s undertaken by the top 200 Fortune
firms.

Only big business can cope on a significant scale with a
world that includes a kaleidescope of exchange risks, political
risks, governmental and legal controls, market differences,
and divergent competitive practices ~- and also satisfy the
many and increasing exigencies of U.S. government foreign poli-~
cies with respect to antitrust, boycott reporting, credits sub-
Jeet to political constraints, etec. HMoreover, the history of
U.S. innovations and U.S. comparative advantages in international
markets suggests that by the time foreign customers are signifi-

cantly interested in U.S. goods, the firms will be bilg in the
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domestic market in any event. The major U.S. (and Japanese,
German, French and other) exporters are, for better or worse,
large firms. Their role in the sectors of particular U.S.
international comparative advantage (jet engines; aircraft,
computers, electronics, etc.) could not be more flagrantly at
variance with the models of pure competition long held to be

the ideal organization of the U.S. economy by many in the econo-
mics and anti-trust professions. Two companies produce and
export virtually all U.S. jet engines; three, all U.3. large
civil aircraft; a half-dozen each, most U.S. military aircraft,
computers, electronics, and telecommunications products; and

50 on. What 1s good for big business may not always be good
for the country, bit if we need to export to pay for our im-
ports, big business 1s not always bad either.

It is true, of course, that big firms do not seem to invent
or discover as many new products as small firms. And some
evidence suggests that medium size firms may be best at bring-
ing discoveries to broad domestic markets.* But if the past 1is
any gulde at all, big firms are the ones who have the financial
resources, the personnel, and the imperative to grow beyond
the domestic market, to tolerate the unfamiliarity of foreign
operations, to cope with political and exchange risks and to
make the investments in foreign distribution, service networks,
* See Morton J. Kamien and Mancy L. Schwartz, "Market Struc-

ture and Innovation, a Survey", Journal of Economic Literature,
March 1975, for a comprehensive discussion.
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and product modification facilities which are essential to
international success.

A "Transfer of Technology?"

Big multinational firms, to be sure, produce, and occasion~-
ally do R&D abroad. The fact that they transfer production
technology abroad, or even develop some outside of the U.S.,
has given rise to fears that these activities substantially
substitute for U.S. exports, or worse, lead to a relative gailn
in other countries' technological, and thence competitive
abilities.

Other countries' R&D efforts, and technological skills
have risen dramatically over the past decade and on half. So
has their technological competitiveness, as measured either by
conventional analyses of shifts in world export-market shares
(which, as Table II demonstrates, showa slide for U.S. manu-
factures since the 1960's despite a large decline in the U.S.
dollar exchange rate), or perhaps even more meaningfully in a
world in which exchange rates are not held constant, as measured
by world market shares of U.S. firms in their principal indus-
tries obtained from domestic sales, exports and foreign produc-
tion.*

It would be an ethnocentric distortion in the extreme to
imagine that "other companies in the world obtained their skills

mainly because we gave our technology away, through foreign invest-
ment.” The

* See: Franko, L.G. "The Future of Multinational Business,"
Harvard Business Review, forthcoming, September 1978.
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serious work that has been done to examine the relationship
between foreign direct investment in production facilities and
exporting concluded that there is generally (if not invariably)
a high degree of complementarity between export success and
foreign investment. Investments in service facilities, distrib-
ution outlets, foreign market knowledge, assembly plants, lo-
cal product modification and development facilities -- Invest-
ments not always separable from foreign manufacturing -- tend

to enhance U.S. (and other investing countries') export success
much more often than they substitute for it.*

U.8. firms do occasionally, and perhaps increasingly
undertake "R&D" abroad, but in total volume, or as a propor-
tion of total foreign R&D activity, foreign R&D by U.S. firms
has been apparently very tiny. (In Japan, the country that
has most noticeably gained world market share in manufactured

exports, R&D has almost invariably been undertaken by Japanese

firms.)
The foreign R&D of U.S. firms -- insofar as we know much
about 1t -- has by and large been either oriented to the kind

of product modification which enhances U.S. export capabilities,

%
or to R&D activity of a kind not going on in U.S. facilities.

* Thomas Horst, "American Multinationals and the U.S. Economy"”,
American Economic Review, May 1976 and Niehans, Jurg, "Benefits

of Multinational Firms for a Small Parent Economy: The Case of
Switzerland", in Aginon, T. and Kindleberger, C.P., Multinationals
from Samll Countries, MIT Press, Cambrldge, 1977.

** Robert C. Ronstadt, "R&D Abroad: The Creation and Evolution
of Foreign R&D Activities of U.S.-Based Multinational Enterprises,"
Harvard Business School D.E.A. Thesis, 1975.



260

The results of "off~-shore'" R&D by U.S. firms, according to
recent Harvard Multinational Enterprise Project data, have, in
fact, found their way from foreign laboratories into U.S. pro-
duction in, at minimum, a couple of hundred cases. The Har-~
vard Business School multinational enterprise project has,

more by accident than by design, collected a large number of
illustrations of "reverse" transfers of technology, by U.S.
firms from their foreign subsidiaries to U.S. production. But
since the main focus of the Harvard data-gathering effort was
on outward U.S. technology transfér, it is thought that there
are probably many more examples that could be found were study
specifically focussed on this issue. In recent years, there
has been a considerable inward transfer of technology by for-
eign firms setting up production in the v.s.* 1t 1s certainly
the case that, in the recent past, the number of new products
and processes taken from U.S. origins to foreign production
sites (usually by U.S.-owned firms, but occasionally by foreign
firms with foreign subsidiaries here) has been greater than the
"preverse" flow. But the flow has been by no means a one way
street. And very much more has happened to enhance foreign
nations' and firms' competitiveness than their simply "learning
the secrets of U.S. technology.”

¥ See Chapter VII of my book on The European Multinationals,
Greylock Publishers, Stamford, Conn., 1976, as well as the series
of papers on recent foreign investment in the U.S. currently

being prespared under the auspices of the Southern Center for
International Affairs, Atlanta, Georgila.
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As I have pointed out elsewhere (in a forthcoming Harvard
Business Revliew article on "The Future of Multinational Business"):

Some of what happened was that the 1960's vintage
"management-gaps" and "technology-gaps'"in the U.S5.'s
favor were not staying equal. By the early 1970's,
large non-American firms had learned how to system-
atically manage modern, multidivisional organiza-
tional structures -- and had perhaps improved on U.S.
practice by adopting more collegial, less conflic-
tual management styles.

Continental and Japanese capabilities in product and
process innovation have grown considerably relative
to those of the United States (and the U.K.). Rates
of growth in productivity in manufacturing in France,
Germany, Italy and elsewhere on the Continent, -- and
of course in Japan -- considerably outstripped those
in the U.S. and the U.K. during the past two decades,
particularly in manufacturing industry. The 38 large
Continental firms (of 64 with extensive foreign manu-
facturing) in the Harvard/CEI Multinational Enterprise
Project sample which provided data for 1970 were
spending an average of 3.2% of their sales revenue
for R&D; 90 U.S. multinationals supplying similar
data for 1976 averaged 2.4% of sales, and 114 U.S.
multinationals supplying data for 1974 averaged 2.6%.
The percent of U.S. patents granted in the United
States to foreign persons and firms has also risen
markedly -- from 21 percent in 1966 to 38 percent in .
1973.

The most important causes of non-U.S. multinational
growth, however, have had to do with the kinds of
things non-U.S. multinationals do.

Whatever else the quadrupling of oil prices did, it
gave a tremendous boost to (world) demand for energy-
saving products and processes -- and resource-short
Europe and Japan had them first.

United States' innovation has historically been very
biased toward labor-saving, convenience products and
processes, which are also energy and material inten-
sive. The U.S. has often been described as a "throw-
away" soclety. Europe and Japan rarely indulged in
similar luxury. Continental Europe in particular has
had to cope a lot longer than the U.S. (or the U.K.)
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with scarce resources.* Similarly, the United States
has Jjust discovered pollution as a major problem. But
densely populated Europe has long been coping with
pollution, with waste and sewage disposal, wlth materi-
als recycling, and most pertinently today, with limited
and costly supplles of energy. Even after adjusting
for differences in gross national product, a country
like France has an economic structure which is nearly
40% less energy intensive than that of the U.S.

As the price of energy in the U.S. goes up relative
to the price of labor and other inputs it should per-
haps not be surprising that American customers like
Amtrak or Eastern Airlines should express a sudden
interest in purchasing French and Japanese energy-
efficient locomotives of the French-German Airbus.
Nor should it be surprising that European firms such
as France's Michelin should be building large fac-
tories in the U.S. to produce such energy-saving
items as radial tires, or that Germany's Robert Bosch
should be manufacturing fuel-injection equipment in
the U.S., or that France's Pechiney should be gaining
U.S. market share because of its electricity-saving
smelting of aluminum. Non-U.S. firms are also ahead
"(or may get ahead) of the U.S. in nuclear and other
energy technologies meant to cope with resource scar-
citles, as well as in pollutilon control, recycling
and conservation devices. Other resource-short nations
in the less-developed world (and the non-OPEC nations
are, at a minimum, short of energy) are also presen-
ting European firms with market opportunitles unthought
of during the years of cheap oil.

One result of population pressures and resource scar-
cities in many countries has therefore been to stimu-
late the internationalization of non-U.S. enterprises:
European and Japanese companies have served densely
populated, resource-short markets at home, and they
are therefore in a particularly good position to serve
such markets abroad.

These intra-industry trends 1n international technological
competitiveness are occurring at the level of products processes
within industries. As a result, they tend not to be noticed
* For discussion and evidence, see L.G. Franko, The European
Multinationals, Chapter II, and Davidson, William, "Patterns of

Factor-Saving Innovation in the Industrialized World," European
Economic Review, 8 (1976).
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or studied much outslde of particular industries until the symp-
toms of competitive change become acute.

Policy Implications

The very lack of clarity, and remarkably few serlous studies
of the precise nature of the links between R&D expenditures,
elther private or public, and U.S. international competitive
advantage, make it difficult in good conscience to pose, much
less recommend policy options. Clearly, more empirically and
factually based studies of how precisely R&D activity in parti-
cular industries came eventually to result in high-technology,
U.S. international comeptitive successes are sorely needed.

Conventional economic analysis has been remarkably defici-
ent in providing policy guidance for the maintainance or monitor-
ing of technology-based comparative advantages. The conventional
economic theory of the basis of comparative advantage in inter-
national trade would have us imagine that the natural endowments
which form the basis for various countries’trading patterns are
immutable, and that relative prices then determine the pattern
of trade. But much, indeed most, U.S. export trade in industry
and in agriculture has in fact been underpinned by the more
changeable stuff of human capital, R&D, and innovation, When
past U.S. leads are whittled away by others' upgrading their
skllls @nd it is clear that the U.S. cannot expect its current
star export products to retain their leads forever) the economist's

world of price competitlon will set in. As, and if that happens
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the very high level of U.S. wages and incomes relative to those
of competing countries will be unsustainable, and, since dollar
wages will not fall, the exchange rate must depreciate. Since
the depreciation involves a reduction in U.S. monopolistic posi-
tlons (monopoly rents in economists' jargon) it should be no sur-
prise if the depreclation exceeds that called for by differential
inflation rates.

One response that some have suggested is one of "technologi-
cal protectionism", to keep "our" technology at home. This ap-
pears to be a particularly dubious course. Other countriles have
tried it. Indeed we ourselves have done so in the nuclear weapons
area. Even with a draconian secrecy apparatus)technological
protectionism has never been successful for long in keeping skills
and technology from diffusing.*

Indeed, to the extent that the current non-American chal-
lenge in some traditionally "American" products and markets (e.g.
mini-computers, wide-bodied aircraft, urban mass transit) is
based on energy and materials saving processes and products of
a kind not often innovated in a U.S. preoccupied with labor-
saving and energy use, it can hardly be sald to be based on "our"
technology at all. In such cases, perhaps U.S. companies should
be doing more R&D abroad and spending more time looklng at what
foreign customers want, in order to learn what othérs have to teach
us -- despite thé novelty of that experience for many firms.

* For a fuller discussion, see "The Future of Multinational
Business," op cit.
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The U.S. government role in R&D, and in maintaining a
climate for productive R&D and innovative effort, has clearly
been of the utmost importance in the past. There is much evi-
dence for the proposition that many internationally-competitive,
high technology U.S. exports today are based on government fund-
ing or on strong support by government-as-customer in times
past. If it 1s indeed the government-conditioned, long-term

that counts
climate for public and private investment in R&D/ it seems sadly
likely that the decline in export competitiveness of U.3. high-
technology products is not going to be reversed for long by a
"quick fix" of increased tax expenditures, or increased avail-
ability of financing for exports -- much as these may help in
the short run.

In particular, due to the long and relatively uncertain
lead times of R&D investments, there 1s no reason whatsoever
to think that the -~ possibly short-lived -~ profits occasionally
provided exporters by a depreciating exchange rate, will make
flexible exchange rates in and of themselves in any sense an
"automatic corrective" of a U.S. failure to adequately invest
in the people and skills that lead to innovatioen.

If something is known about what is unlikely to work, can
anything be said about what might be done -- short of restarting
the Cold War so that U.S. innovators will ha&e a proven, govern-
ment-provided target to shoot at, with government provided funds?

Increased public funding levels for R&D in areas of probable

domestic and internationalsocial need might be one place to
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start, assuming the political feasibility of such a-course.
(Political leaders might point out that although some of today's
electors might worry most about current unemployment and under-
employment, or about consuming more of today's income, electors
of tomorrow may pay a high price for the current underemploy-
ment and under-training of U.S. sclentists, technicians and
engineers.) Of course, without an R&D equivalent of war, if
not a moral equivalent of war, 1t may be difficult or impos-
sible to mobillze a public consensus for increased public R&D
funding -- no matter how sensible might be proposals for public
support of the development of alternative energy sources, or of
a technological equivalent of land-grant colleges and extension
services, or of R&D for urban transit or building techniques.

In the absence of increased funding, perhaps government
guarantees for R&D spending in highly uncertain area of probable
soclal beneflts might help. The U.S. has an insurance agency
(OPIC) aimed at reducing risks to 1nvestors willing to undertake
socially useful, but high risk projects in developing countries.
Could a similar principal be applied at home?

In the final analysis, long term U.S. export policy is
domestic R&D and economic policy: Therefore, domestic economic
policy could help by occasionally looking at more than short-
term demand stabilization. it has been cogently argued that
the current level of ﬁ.S. inflation combined with a non-indexed
tax system is in reality obtaining increases in current consump-

tion by "de-capitalizing" U.S. industry. Be that as it may,
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this state of affairs is surely discouraging new private capital
investment and therefore the domestic diffusion of whatever new
technologies are embodied in new machinery.

Given the past role of government-as-customer in fostering
innovation -- in contrast to the recent tendency of government
to become more fickle in its procurement habits -- perhaps multi-
year procurement budgeting might be worthy of consideration.

More constant and predictable regulation might also help: who
would invest in bullding up R&D skills and in assembling an
R&D team to develop a product or process if there was a fear
that its profits might be regulated out of exlstence by the
time the results got into production?

But perhaps the only real solutions are for government —-
and the public -- to become more aware of what government has
done to and for industry in the U.S., and for industry to realize
that the practices, products, and processes that sufficed to
give U.S. iIndustry international superiority'while its competitors
were temporarily put out of commission by World War II,will no

longer do.
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STATEMENT TO THE SENATE COMMERCE COMMITTEE CONCERNING INTERNATIONAL
TECHNOLOGY TRANSFER AND OVERSEAS RESEARCH AND DEVELOPMENT*

(By Edwin Mansfleld, University of Pennsylvania)
1. INTRODUCTION

I appreciate this opportunity to take part in these hearings. In accord with
the Committee’s request, my statement focuses on international technology
transfer and overseas research and development. In recent years, there has
been a very considerable increase in the amount of attention devoted by inter-
national trade theorists to technology and technological change. Technology is
coming to play a much more significant role in explanations of the pattern of
world trade, as evidenced by the work of Johnson, Vernon, Hufbauer, and
others.* Unfortunately, however, economists have only recently begun to study
int%rnational technology transfer in a serious way, and far more research is
needed.

According to a recent state-of-the-art summary prepared by Piekarz, “we
know that U.S. industries spending relatively high amounts on R and D are
the leading industries in manufactured exports, foreign direct investment, and
licensing. The limited extant research at the level of the firm has not estab-
lished a relationship between research intensiveness and the share of exports
in domestic sales, the ratio of foreign to domestic production, or the share of
earnings from foreign licensing. We lack information about the impact of the
type or recency of innovations on exports, foreign direct investment, and
licensing. Also, we do not know the influence of exports, foreign direct invest-
ment, and licensing on the rate or direction of R and D and technological inno-
vation by U.S. firms. . . . We know that U.S. foreign direct investment and
licensing are channels by which foreign countries obtain technological knowl-
edge. We do not know the mechanics, magnitude, or rate at which this tech-
nology diffuses abroad. Also, there is no information about the complementarity
and substitutability among exports, foreign direct investment, and licensing
as channels for technology transfer.”?

One of the most important gaps in existing knowledge in this area relates
#) the effects of foreign trade on domestic innovation. In a recent paper, Sto-
baugh makes this point in the following terms: “Although research on this
general subject of the effect of technological innovation on trade, investment,
and licensing is in its infancy and deserves support, a more important rela-
tionship is the opposite casual flow: what effects do trade, foreign direct in-
vestment, and licensing have on technological innovation? A plausible hy-
pothesis is that the possibility of a firm’s exporting, making foreign invest-
ments, or selling licenses would induce it to engage in certain R and D pro-
grams that would not be economical if the U.S. market were the only one
congidered ; thus, U.S. technological innovation would be increased and in turn
U.S. economic growth would increase. In spite of the importance of this ques-
tion, there seems to be a complete void in our knowledge, for I know of no
empirical data either to support or deny this hypothesis.”?

Another important gap in existing knowledge relates to the extent to which
U.8. firms use various channels to transfer their technology abroad. There are
several ways that-a firm can transfer and exploit its technology abroad. First,

*This statement is taken largely from a paper I gave at the Natlonal Science Foun-
dation on May 21, 1977. Essentially the same material was presented at a lecture I
gave at the University of Alahama and at Yale University. Also some of this material
wili apnear in an article in Portfolio, a publication edited by the Fconomics Department
of the TIniversity of Minnesota.

1 (G. Hnfhaver, Synthetic Materinla and the Theoru of International Trade, Cambridge :
Harvard University Press. 1966: H. G. Johnson, “The BEfficiency and Welfare Imnlica-
tions of the Internationmal Cornoration.”” in C. FKindleberger (ed. The Internationnl
Corporation. Cambridge : M.I.'T. Press, 1970 ; W. Gruber, D. Mehta, and R. Vernon, “The
R and N Factor in International Trade and Internativnal Investment of U.S. Indus-
trles,” Journal of Political Fcomomy. January 1967: R. Vernon, Sovereignty at Bay,
New Yovk: Bastc Books. 1971: and Nattonal Brreav of Economic Research, The Tech-
nology Factor in International Trade, New York: Columbia University Press, 1970.

2 Notlonal Selence Fovndation, Tte Effectz nf Interpational Technology Transfers on
U.8. Ecomomy, Washington : Government Printing Office, 1974. p. 3.

3R. Stobangh, “A Snrmmary and Assessment of Research Findines on U.S. Interna.
ttonal Transactions Involving Technologv Transfers,” in National Science Fonndation,
The Effects of International Technology Transfers on U.8. Economy, {bid, p. 19.
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it can utilize the new technology in foreign subsidiaries. For example, if the
hew technology relates to a new product or product improvement, this new
Drod_uct or product improvement may be made and sold by the firm’s foreign
Subsidiaries. Second, the firm can ezxport goods and services that are based on
the new technology. For example, if the new technology relates to a new prod-
uct or product improvement, this new or improved product may be exported.
’l:hird, the firm can license the new technology to other firms, government agen-
cies, or other organizations that utilize it abroad. Fourth, the firm can engage
1n joint ventures with other organizations, which have as an objective the utili-
zation of the new technology abroad. As Caves, Hufbauer, Stobaugh, and others
have stressed, we know little about the relative importance of each of these
channels for various types of technology and for various types of firms.

Still another important gap in existing knowledge relates to the overseas
R and D activities of U.S.-based firms. When our present studies were begun,
the only reasonably comprehensive data concerning the size of overseas R
and D expenditures were the Commerce Department’s data for 1966° Since
then, the Conference Board has published statistics concerning the size of
such expenditures in 1971-72.° However, little or no information exists con-
cerning more recent years or concerning expected changes in the near future.
Also, we know relatively little concerning the reasons why firms carry out
R and D overseas, the nature of the work carried out, and the value of this
work to firms’ domestic operations. Further, we know practically nothing about
the minimum efficient scale for an overseas R and D laboratory in various
industries, and we have relatively little comprehensive or systematic data
concerning changes over time in the relative costs of performing R and D of
various sorts in the United States, compared with performing them overseas.
These topics have a bearing both.on policy issues and on economic analysis
in this area; yet they have been the subject of little or no economic research.

2. RETURNS FROM NEW TECHNOLOGY EXPLOITED ABROAD

As emphasized in the previous section, very little is known concerning the
percentage of the total returns from U.S. firms’ R and D projects that are
expected to stem from foreign sales or foreign utilization. To help fill this
gap, we obtained 1974 data on this score from a sample of 30 firms. This sample
was composed of two parts, the first containing 20 firms in the fabricated metal
products, machinery, instruments, chemical, textile, paper, and tire industries,
the second containing 10 major chemical firms.” The first subsample was chosen
more or less at random from major manufacturing firms in southern New
England and the Middle Atlantic states. The second subsample was chosen
more or less at random from major chemical firms located in the East. The
firms in both subsamples tended to be rather large, and are quite representa-
tive of all large firms in their industries with regard to the percent of sales
devoted to research and development. In general, the data were obtained from
senior R and D executives and from officials involved with the firmg’ inter-
national operations.

If all kinds of R and D projects in all firms are lumped together, how im-
portant, on the average, do foreign markets or foreign utilization bulk in the
expected returns from these firmsg’ R and D projects in 1974? Although the
two subsamples are entirely independent, they provide very similar answers
to this question. In the chemical subsample, about 29 percent of an R and D
project’s returns, on the average, were expected to come from foreign sales
or utilization. In the 20-firm subsample, about 34 percent of an R and D proj-

4 See their papers in the book cited in note 2.

5 See U.S. Department of Commerce, U.S. Direct Investments Abroad, 1966, Part II:
Investment Position, Financial and Operating Data, Group 2: Preliminary Report on
Yoreign Affiliates of U.S. Manufacturing Industries, undated. Also, the Pharmaceutical
Manufacturers Association has published data on overseas R and D for some time. Un-
fortunately, however. these data are not entirely comparable with NSH's,

6 The Conference Board, Oversens Regearch and Development by U.8. Multinationals,
1966-15, New York: Conference Board, 1976. Besides figures for 1971 and 1972, this
report contains firms' forecasts for 1973 and 1975.

7For a much more detailed descrintion of the study summarized in this and the fol-
lowing sections of this paper, see E, Mansfleld, A. Romeo, and 8. Wagner, “Foreign
Trade and U.S. Research and Development,” Review of Economics and Statistics, forth-
coming.

28-558 O - 78 - 18



270

ect’s returns, on the average, were expected to come from these sources® Of
course, averages of this sort must be viewed with caution, because they con-
ceal a great deal of variation and are influenced by the industrial (and other)
characteristics of the sample. But they provide a reasonable starting point for
the analysis.

Going a step further, we can disaggregate the results to the firm level, and
see how great the interfirm variation is, and how it can be explained. In both
subsamples, there is a large amount of interfirm variation: the average per-
centage of an R and D project’s returns expected to come from foreign sales
or utilization ranges from zero in some firms to 50 or 60 in other firms. Two
hypotheses may help to explain these inferfirm differences. First, these differ-
ences are likely to reflect the fact that some firms, because of the nature of
their product lines, their history, and their management, make a much larger
percent of their current sales overseas (through exports or sales of foreign
subsidiaries) than do other firms. One would expect that such firms would
tend to gear their R and D programs more heavily to foreign markets and
utilization than other firms. Second, since more R and D-intensive industries
seem to do more exporting, investing abroad, and licensing abroad than other
industries, one might suspect that, holding constant the percent of a firm’s
current sales that come from overseas, more R and D-intensive firms may expect
a higher proportion of the returns from their R and D to come from abroad.
Both hypotheses fare reasonably well in both subsamples; and in the 20-firm
subsample, these hypotheses can explain about 70 percent of the observed varia-
tion among firms in the average percentage of returns from R and D projects
expected to come from abroad.

The very detailed data required to shed light on differences among types of
R and D projects in the relative importance of foreign returns were gathered
only from the 10-firm chemical subsample. The results indicate that R and D
projects aimed at new products are the ones where foreign returns are expected
to be most important, their average percent of returns expected to come from
abroad being about 40 percent. According to executives of these firms, there
are two principal reasons why the returns from products come in larger meas-
ure from abroad than the returns from processes. First, these firms are more
hesitant to send overseas their process technology than their product technol-
ogy, because they feel that the diffusion of process technology, once it goes
abroad, is harder to control. In their view, it is much more difficult to deter-
mine whether firms are illegally imifating a process than a product. Second,
they believe that their processes tend to be less transferable to other coun-
tries than products, because operating conditions, input prices, and the size
of the market may be different than at home.

In recent years, considerable controversy has raged over the effects of direct
investment abroad (and other channels of international technology transfer)
on America’s technological position. According to some observers, such invest-
ment may result in a reduction in our technological lead, since U.S. tech-
nology may be transferred from our foreign subsidiaries to our foreign com-
petitors. However, a point that is often ignored is that, if U.S. firms could not
utilize foreign subsidiaries (or transfer technology abroad in other ways), they
might not carry out as much research and development, with the result that
our technological position might be weakened. Some economists, like Caves
and Stobaugh,’ have recognized this point, but have cited the unfortunate fact
that nothing is really known about the amount by which U.S. R and D ex-
penditures would decline if U.S. firms could not transfer their technology to
their foreign subsidiaries, or use other channels of international technology
transfer. As a modest first step toward closing this gap, we asked the 30 firms
in our sample to estimate how much their R and D expenditures would have
changed in 1974 under two sets of circumstances: (1) that they could not
utilize any new technology abroad in foreign subsidiaries, (2) that they could
not utilize any new technology abroad in foreign subsidiaries, or by licensing
the technology abroad, or by exporting new products or processes based on the
technology, or by any other means. Although answers to hypothetical questions
of this sort must be treated with a great deal of caution, the results should

8 Note two things: First, the chemical industry here 1s deflned to include petroleum
refining and drugs. Second, the figures in the text for the 20-firm subsample are not
entirely comparable with those for the chemical subsample, since the latter include only
R and D expenditures in the United States, whereas the former includes overseas R and
D expenditures by these firms as well. See ibid.

® See thelr papers in the book cited in note 2.
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be of interest. Moreover, as we shall see, a comparison of these results with
some earlier econometric findings suggests that, if anything, these results may
be on the conservative side.

According to the firms’ estimates, their R and D expenditures would bhave
fallen significantly under each of the above sets of circumstances. Specifically,
for the 20-firm subsample, the estimated reduction would have been about 15
percent if they could not utilize any new technology in foreign subsidiaries,
and about 26 percent if they could not transfer any new technology abroad
by any means. For the 10-firm chemical subsample, the estimated reduction
in 1974 would have been about 12 percent if they could not utilize any new
technology in foreign subsidiaries and about 16 percent if they could not
transfer any new technology abroad by any means. Thus, the results obtained
from the two (quite independent) subsamples are reasonably close. Further,
one can compare these results with what would be expected from an econo-
metric model published a number of years ago.* This model, which was based
on data for chemical and petroleum firms, indicates that a 30 percent reduction
in the expected returns from these firms’ R and D projects would result ina
larger percentage reduction in their R and D expenditures than indicated
above. Thus, since the firms in our sample estimate that about 30 percent of
the expected returns from their R and D projects stem from some form of
international technology transfer, it appears that, if anything, the above esti-
mates may be on the conservative side.

3. CHANNELS OF INTERNATIONAL TECHNOLOGY TRANSFER

While the previous section of this paper indicated that many industrial
R and D projects are carried out with the expectation that a considerable por-
tion of their returns will come from abroad, no attention has been focused as
yet on the channels (foreign subsidiaries, exports, licensing, joint ventures)
by which these firms intend to effect these international transfers of technol-
ogy. As many researchers have pointed out, very little is known about the
extent to which firms of various sorts use each of these chanmnels. For our
sample of 30 firms, the percent of all R and D projects (for which foreign re-
turns were estimated to be of substantial importance ) where the principal
channel (in the first five years after the commercialization of the new tech-
nology) was anticipated to be of each type was as follows: foreign subsidiaries,
73 percent; exports, 15 percent; licensing, 9 percent; joint ventures, 3 percent.
Thus, the results, which are much the same in the two subsamples, indicate
that foreign subsidiaries are expected to be the most frequently-used channel,
exports and licensing coming next, followed by joint ventures.

The great preponderance of cases where foreign subsidiaries are regarded
as the principal channel during the first five years after commercialization is
noteworthy, because, according to the traditional view, the first channel of
international technology transfer often is exports. Only after the overseas
market has been supplied for some time by exports would the new technology
be transferred overseas via foreign subsidiaries, according to this view. To
some extent, our results may reflect an increased tendency for new technology
to be transferred directly to overseas subsidiaries, or a tendency for it to be
transmitted more quickly to them (in part because more such subsidiaries
already exist).” Such tendencies have been observed in the pharmaceutical in-
dustry, where many new drugs developed by U.S. firms have been introducd
first by their subsidiaries in the United Kingdom and elsewhere.’* Also, Baran-
son’s study concludes that American firms in a variety of industries are more

10 In interpreting these figures, recall the second point in note 8.

1 g, Mansfield, Industrial Research and Technological Innovation, N.Y., W. W. Norton,
1968. However, it should be emphasized that this check on the firm’s estimates is very
rough at best, and that (as noted in section 3) it pertains only to the estimates based
on the second set of circumstances described In the previous paragraph of the text.

12 For the chemical subsample, we specified that more than 25 percent of total returns
should come from abroad, if a project is to be included. For the 20-irm subsample, we
specified that more than 10 percent should come from abroad, if a project is to be
included.

1Tt {g Interesting to note that in 1970 Vernon pointed out .that the traditional
model was loslng some of its relevance for firms that had acquired “a global scanning
capacity and a global habit of mind.” Our results may indicate that, for many of the
firms in our sample, this tendency toward a global outlook is well established. See R.
Vernon, Sovereignty at Bey, op. cit. ’

14 For example, see H. Grabowskl, Drug Regulation and Innovation, Washington : Amer-
ican Enterprise Institute, 1976.
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willing than in the past to send their most recently developed technology
overseas.”

Changes over time would be expected in the principal channel by which a
new technology is transferred abroad. In particular, as the technology grows
older, there may be a tendency for exports to become a less important channel,
since, as noted above, the innovator may supply foreign markets to a greater
extent through foreign subsidiaries. Also, licensing may become more important
because, as the technology becomes more widely known, foreign countries can
take advantage of competition among technologically capable firms to obtain
licenses, rather than accept wholly-owned subsidiaries. To see whether such
tendencies exist in our sample, we obtained data of the sort described earlier
in this section concerning the second, rather than the first, five years after
commercialization of the new technology. In accord with these hypotheses,
the results suggest that licensing is more important, and exports are legs im-
portant, in the second five years than in the first.

It is also important to recognize that firms differ greatly in the extent to
which they rely on each of these channels. Larger firms in our sample tend
to rely more heavily on foreign subsidiaries than smaller firms, which would
be expected since larger firms are more likely to already have such facilities
abroad and fto be in a position to obtain the capital required to establish new
ones. On the other hand, smaller firms tend to rely more heavily than larger
firms on exports. Although there has been some speculation that (holding
constant size of firm) high-technology firms may rely on a somewhat different
mix of channels than low-technology firms, we could find no statistically sig-
nificant evidence that this is the case.

Finally, it frequently is possible for a firm to substitute one channel of
international technology transfer for another. Thus, if foreign subsidiaries
could not be used for this purpose, licensing or exports or joint ventures might
be used instead. However, in many cases, these other channels do not seem
to be very good substitutes for foreign subsidiaries, in the eyes of the firms.
If they could not use foreign subsidiaries as a channel, they estimate that
they would reduce their R and D expenditures by about 12-15 percent, on the
average. (Recall the last paragraph of the previous section.) However, whereas
it was possible for us to check the other estimates of this sort against the
results of an econometric model, this was not possible for these estimates,
since no relevant econometric model exists (to my knowledge).

4. OVERSEAS R AND D: EXTENT AND NATURE OF EXPENDITURES

It is well known that the overseas research and development activities of
U.S.-based firms have become the focus of controversy. Some observers view
such activities with suspicion, since they regard them as a device to “export”’
R and D jobs, or as a channel through which American technology may seep
out of actual or potential competitors.”® Others, particularly the governments
of many developing (and some developed) countries, view them as highly de-
sirable activities that will help to stimulate indigenous R and D in these
countries. Indeed, the United Nations Group of Eminent Persons recommended
that host countries require multinational corporations to contribute toward
gnnovation of appropriate kinds, and to encourage them to do such R and D
in their overseas affiliates.”” Although the amount of controversy in this area
might lead one to believe that the overseas R and D activities of U.S.-based
firms have been studied quite thoroughly, this is far from the case. As pointed
out in section 5, the unfortunate truth is that economists have devoted little
or no attention to even the most basic questions concerning these activities.

As a first step toward studying these questions, we constructed a sample
of 55 major manufacturing firms, this sample being divided into two parts. The
first subsample, composed of 35 firms, was chosen from Fortune’s 500. The
second. subsample composed of 20 firms, was chosen from among major manu-
fac?urmg firms in the southern New England and the Middle Atlantic states.
Strictly speaking, neither subsample was randomly chosen, since some firms
that were asked to cooperate refused to do so. Moreover, each of the subsamples

5 J, Baranson, “Technology Transfer: Effects on U.S. Competitiveness and Employ-
melxomt. paver prepared for the U.S. Department of Labor, 1976.
w8 For discusslons of this point of view, see Conference Board, op. cit.; and B. David,
Tle_;chnolozy Exnort and National Goals,” Research Management, January 1974.
United Nations._ The I'mpact of Multinational Corporations on Development and on
International Relations, New York, 1974, p. 70.
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concentrated heavily on a relatively few industries—chemicals, petroleum, elec-
trical equipment, and metals and machinery in the first subsample; chemicals,
fabricated metal products, and instruments in the second subsample. How-
ever, a comparison of the sample with the benchmark figures provided by the
Commerce Department for 1966 and by the Conference Board for 1971-72
indicates that the sample is reasonably representative of all U.S. manufacturing
with regard to the average percent of R and D expenditures carried out
overseas.'®

Based on data obtained from each of these firms, it appears that about 10
percent of their total company-financed R and D expenditures were carried out
overseas in 1974. During the 1960s and early 1970s, this percentage grew sub-
stantially ; and they estimate that this growth will continue, but at a reduced
rate, during the rest of the 1970s. By 1980, they estimate that about 12 per-
cent of their R and D expenditures will be made overseas. Because of the im-
portance in the innovation process of close cooperation and communication
among R and D, marketing, production, and top management, location theorists
like Vernon® have argued that a firm’s R and D activities will tend to be
centralized near its headquarters. Why then do these U.S.-based firms spend over
10 percent of their R and D dollars overseas? There are a variety of possible
reasons, such as the presence of environmental conditions abroad that cannot
easily be matched at home, the desirability of doing R and D aimed at the
special design needs of overseas markets, the availability and lower cost of
skills and talents that are less readily available or more expensive at home,
and the greater opportunity to monitor what is going on in relevant scientific
and technical fields abroad. In our sample, practically all of the firms that do
any R and D overseas said that the principal reason is to respond to the
special design needs of overseas markets. In their view, there are great ad-
- vantages in doing R and D of this sort in close contact with the relevant over-
seas markets and manufacturing units of the firm.

In each subsample, there are enormous differences among firms in the per-
cent of their R and D expenditures that are made overseas: in 1974, some
firms spent nothing overseas, whereas others spent 30 or 40 percent of their
total R and D expenditures overseas. To explain these interfirm differences,
we constructed a simple econometric model in which the explanatory variables
are the percent of the firm’s sales that come from abroad, the size of its an-
nual sales, and a dummy variable indicating whether or not the firm is in the
pharmaceutical industry. This model can explain about half of the observed
interfirm variation in the percentage of R and D expendifures made abroad.
As would be expected, this percentage is directly related to the percent of a
firm’s sales that come from abroad and to the size of the firm’s annual sales.
Holding these other factors constant, this percentage is significantly higher
among pharmaceutical firms, which seem to be affected particularly by regu-
latory considerations,” than among other firms in our sample.

Based on information obtained from the firms in our sample, the R and D
they do overseas tends to be predominantly development rather than research,
and aimed at product and process improvements rather than at new products
or processes. Further, this emphasis on development projects aimed at rather
minor changes seems to be more pronounced in their overseas than in their
domestic R and D, which in part reflects the fact that much overseas R and D
has as its primary purpose the modification of U.S. products and processes to
suit foreign markets and conditions. Firms seem to differ considerably in the
extent to which they have integrated their overseas R and D with their do-
mestic R and D. Some firms, such as IBM, seem to have integrated their
R and D activities on a world-wide basis. (Thus, IBM, when it developed the
360 series, gave each laboratory, whether at home or abroad, a specific mission.
¥or example, the smaller machine came from Germany and the medium-sized
machine was designed in England.®) Such world-wide integration exists in

18 For a much more detailed description of the study summarized in this and the
following sections of this paper, see E. Mansfleld, D. Teece, and A. Romeo, ‘‘Overseas
Research and Development by U.S.-Based Firms,” University of Pennsylvania, 1977,

18R, Vernon, ‘‘The Location of Economic Activity,” in J, Dunning (ed.), Economic
Analysis and the Multinational Enterprise, London: George Allen and Unwin, 1974,

20 S§ee Grabowski, op. cit.; and the references cited there.

7 §ee R. Ronstadt, “R and D Abroad : The Creation and Evolution of Foreign R and D
Activities of U.S.-Based Multinational BEnterprises,” D.B.A. thesis, Harvard, 1975; and
E. Mansfield, “Technology and Technological Change,” in J. Dunning (ed), Economic
Analysis and the Multinational Enterprise, London: George Allen and Unwin, 1974.
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about 45 percent of the firms in our sample that do any overseas R and D, ac-
cording to the firms. On the other hand, 16 percent say that they attempt no
such integration, and the rest say some limited integration is attempted.

Of how much value are overseas R and D to a firm’s U.S. operations? Policy
makers should be interested in this question because it must be considered in
any full evaluation of the effects of overseas R and D (and foreign direct in-
vestment) on America’s technological position vis-a-vis other countries. As
Caves has put it, “To what extent have subsidiaries generated or aequired
technologies for transmission back to their American parents . . .?”* Unfor-
tunately, practically no evidence exists on this score. To shed a modest amount
of light on this question, we obtained estimates from the firms in our sample
concerning the percent of their 1975 overseas R and D expenditures with no
commercial applicability to their U.S. operations. Their estimates indicate that,
on the average, about one-third of these firmg’' overseas R and D expenditures
have no such applicability. Also, we asked each firm to estimate the amount
that it would have to spend on R and D in the United States to get results of
equivalent value to its U.S. operations as a dollar spent on R and D overseas.
T'he results indicate that, on the average, a dollar’s worth of overseas R and D
seems to result in benefits to these firms’ domestic operations that are equiva-
lent to about 50 cents of R and D carried out in the United States. Needless
to say, these estimates are not precise, and should be viewed only as rough
guidelines.

6. OVERSEAS R AND D: ECONOMIES OF SCALE AND RELATIVE COSTS

As noted in the previous section, many governments, particularly of de-
veloping countries, favor the establishment in their nations of overseas R and D
laboratories by U.S.-based firms. One factor influencing the practicality of
establishing a laboratory of a certain type in a particular location is the
extent of economies of scale in such laboratories. If the minimum economic
scale for laboratories of this sort is quite large, a firm may find it harder than
otherwise would be the case to justify the establishment of such a laboratory.
Despite the fact that data concerning the minimum economic scale of R and D
laboratories of various types would be of value to many kinds of microeconomic
studies, practically no information is available on this score. To help promote
a better understanding of this topic, we asked the members of the 35-firm sub-
sample to estimate the annual R and D expenditures of a laboratory of min-
imum economic scale. Although these estimates should be treated with caution,
they should be of interest, since they seem to be the first systematic evidence
on this topic.

The results indicate that the minimum economic scale tends to be quite sub-
stantial in most of the industries included in the sample. On the average, for
a single product line, it was estimated that the expenditure per year for an
R and D facility of minimum economic scale would be about $1 million in
pharmaceuticals and glass, about $2 million in electrical equipment and petro-
leum, and about $5 million in chemicals. However, the minimum economic
scale seems to vary considerably, depending on the responsibilities of the
laboratory. It is less for a laboratory that performs either research or develop-
ment than for one that performs both, and is less for a laboratory that deals
with a single product line than for one that deals with several product lines.
For a laboratory that is concerned entirely with minor prodnet changes, the
average estimated expenditure per year for an R and D facility of minimum
economic scale is only about $500,000 per year—and in some industries it
is substantially less. In interpreting these results, the dispersion among the
estimates are perhaps as interesting as the averages. The estimates in each
industry vary enormously, reflecting the fact that the minimum economic scale
of an R and D laboratory depends on the specific type of work to be done, as
well as the fact that opinions differ on this score even among experts.

Previous studies have indicated that one major reason why U.S.-based firms
have carried out R and D overseas is that costs have tended to be lower there
than in the United States. However, very little information has heen published
concerning the extent of this cost differential, and how it has varied over
time.® To help fill this gap, we obtained data from the firms in the 85-firm

22 R. Caves, “Effect of Tnternational Technology Transfers on the U.S, Economy,” in
National Sejence Fovndation, on. cit., p. 38.

22 The Conference Board, op. cit., has nrovided data comnaring the average R&D salary
pald by foreign subsidlaries to those paid in the United States in 1972, The results are
quite similar to those found below for 1970.




275

sample concerning the ratio of the cost of R and D inputs in Burope, Japan,
and Canada to those in the United States in 1965, 1970 and 1975. The results
indicate that there was a very substantial cost differential in 1965: on the
average, the cost of R and D inputs seemed to be about 30 percent lower in
Europe, 20 percent lower in Canada, and 40 percent lower in Japan than in
the United States. And although there was some increase in R and D costs
rela}tive to those in the United States during 1965-70, the cost differential re-
mained quite substantial in 1970. ‘

However, between 1970 and 1975, the situation changed drastically. Due in
part to the depreciation of the dollar relative to other currencies between 1970
and 1975, the cost differential was largely eliminated for many firms. On the
average, the cost of R and D inputs was estimated to be about 10 percent lower
in Japan, and about 5 percent lower in Europe and Canada, than in the United
States in 1975. Of course, this helps to explain the fact (noted in the previous
section) that the percentage of R and D carried out overseas is expected to
increase less rapidly between 1974 and 1980 than in the period prior to 1974.
Since the cost differential between overseas and domestic R and D has de-
creased, it is quite understandable that this percentage is growing less rapidly
than in earlier years.* Finally, note that these forecasts to 1980 were made
prior to the adoption by the Treasury of Regulation 1.861-8. According to some
observers, this new tax regulation may encourage increased overseas R and D
by U.S.-based firms.

6. CONCLUSIONS

This paper has summarized a variety of empirical findings, many of which
have implications for public and/or private policy. In the remaining space, I
can indicate only a few of these implications. First, our results do not support
the suggestion of some economists that firms base their R and D decisions
solely on the basis of expected domestic returns. On the contrary, according
to the firms in our sample, about 30 percent of the anticipated returns from
their R and D projects, on the average, was expected to come from foreign
sources. Based on expected domestic returns alone, these firms estimate that
they would spend about 20 percent less on R and D than at present. Of course,
these results do not contradicet the hypothesis that firms sometimes pay less
‘attention to foreign markets than to those at home. But they do indicate that,
although there may be a tendency to emphasize domestic markets, this ten-
dency is not so strong that public policy can assume that decreased oppor-
tunities for international technology transfer would have little or no effect
on U.8. R and D expenditures. On the contrary, although such measures would
not result in enormous cuts in percentage terms, they apparently would prompt
a perceptible and significant reduction in R and D expenditure, which would
in turn weaken our own technological position.

Second, our results have implications for the current controversies over the
channels of international technology transfer. Even in the first five years after
the commercialization of the new technology, foreign subsidiaries, rather than
exports, licensing, or joint ventures, are expected to be the principal channel
for the majority of these firms’ projects. In part, this is due to the fact that
the firms in our sample tend to be large, and perhaps to the industrial com-
position of the sample. Without question, it frequently is possible for a firm
to substitute one channel of international technology transfer for another.
Thus, if foreign subsidiaries could not be used, licensing or exports or joint
ventures might be used instead. However, in many cases, these other channels
do not seem to be very good substitutes for foreign subsidiaries, in the eyes of
the firms. If they could not use foreign subsidiaries as a channel, they esti-
mate that they would reduce their R and D expenditures by about 12-15 per-
cent, on the average. However, whereas it was possible for us to check the
estimates in the previous paragraph against the results of an econometric
model, this was not possible for these estimates, since no relevant econometric
model exists (to our knowledge). )

Third, our results provide evidence concerning the importance of overseas
R and D expenditures by U.S.-bagsed firms. When compared with the total R
and D expenditures in various host countries, their size is particularly striking.

2 1f very significant differences exist between the productivity of U.S., and overseas
R and D personnel, they could offset, wholy or in part, the ohserved differences in the
relative cost of R and D inpnts. But the bulk of the firms in onr sample seem to feel
that R and D persounel in Europe, Japan, and Canada are no less productive than
those in the United States. so this factor cannot offset the observed differences in the
relative cost of R and D inputs in the great majority of cases.
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In the early 1970’s, about one-half of the industrial R and D performed in
Canada and about one-seventh of the industrial R and D performed in the
United Kingdom and West Germany was done by U.S.-based firms.

Fourth, the firms in our sample estimate that, on the average, each dollar
of overseas R and D is of as much value to their U.S. operations as about 50
cents of domestic R and D. This result, although very crude, is of some rele-
vance to the debate over the effects of direct foreign investment by U.S.-based
firms on the U.S. technological position vis-a-vis other countries. As our eco-
nometric results show, there is a very close relationship between the extent of
a firm’s foreign subsidiaries and the extent of its overseas R and D. To the
extent that some overseas R and D is carried out only because of prior foreign
investment, such benefits may represent a positive effect of direct foreign in-
vestment on the U.S. technological position.

Fifth, the rate of technological change in various industries and firms de-
pends on the amount of efficiency of their overseas R and D expenditures, as
well as their R and D expenditures in the United States. Unfortunately, this
fact is not recognized in any of the econometric studies carried out to estimate
the effects of R and D on U.S. productivity growth. All of these studies con-
fine their attention to R and D expenditures carried out in the United States,
in part because this is all that is included in the official R and D statistics.
For well-known reasons, the resulting errors in the independent variables in
these regressions may lead to biases in the regression coefficients, particularly
%n more recent years when overseas R and D expenditures have been relatively
arge. :

In conclusion, it should be stressed that our findings are subject to a variety
of limitations. For one thing, the results pertain to a sample of 30 firms (in
sections 2 and 3) and of 55 firms (in sections 4 and §5). For another, some
of the data obtained from the firms were necessarily rough. A detailed account
of the limitations is contained in.iny technical papers cited in notes 7 and 18.
No pretense is made that the studies described here are close to the last word
on these subjects. On the contrary, they must be regarded as tentative, for
many reasons given in the technical papers. Nonetheless, we believe that these
studies provide some of the first pieces of empirical evidence bearing on a
nulilber of aspects of international technology transfer of importance to policy
makers.
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EXPORT-IMPORT BANK OF THE UNITED STATES

WASHINGTON, D.C. 20571

BOARD OF DIRECTORS CABLE ADDRESS “"EXIMBANK'*
TELEX e3-461

April 28, 1978

Mr. Robert W. Russell

Counsel, Subcommittee on International Finance
Committee on Banking, Housing & Urban Affairs
5300 Dirksen Senate Office Building
Washington, D. C. 20510

Dear Bob:

I am sorry that it will not be possible for me, as I explained
to you on the telephone the other day, to testify at the joint hearing
of the Subcommittee on International Finance and the Subcommittee on
Science, Technology and Space on May 16. I will be in Europe at that
time on Eximbank business.

With respect to the immediate questions you will be considering
on that date, I recommend to you the data which Special Systems and Product
Group of Fairfield, Connecticut, developed for GE. One of these papers is
entitled "The Role of High-Technology Industries in Economic Growth" and
the other is entitled "The Impact of Research and Development on Long-term
Economic Growth". If you wish I can send my copy on to you but GE can
undoubtedly send you a set directly.

It seems clear that the U.S. must become increasingly an exporter
of high technology products and that every effort must be made to encourage
these relatively new and highly innovative companies to get into the export
markets as quickly as possible. As you know, the companies continuing to
sell products developed years ago have a tendency to maintain their com-
petitive position by instituting stringent cost controls which often mean
reduced employment in favor of further automation. Companies, generally
small, engaged in the production of new high technology products on the
contrary, are those which have little reason to control costs and are
therefore much more likely to add to employment in excess of their growth
trends. I am enclosing a brief study in this connection prepared by the
President and Treasurer of the M.I.T. Development Foundation, Inc., which
you may find interesting.

I will look forward when I get back to continuing my work on the
trading company concept which you and I have discussed in the past, and
on which I am now gathering data. It does seem extraordinary to me that
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we find ourselves financing exports of American goods through the local
offices of Japanese trading companies. There must be a way of encouraging
the formation of U.S. trading companies which will have offices abroad and
which will concentrate on developing new markets for small and medium
sized companies which would not have the marketing strength to do this

on their own. As I go along on this project, I will certainly keep you
posted on any interesting data that is developed.

I have greatly enjoyed working with you and look forward to doing
so in the future.

With best regards.

Sincerely

)
0 Akionr

Thibaut de Saint Phalle

Enclosure
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THE ROLE_OF NEW TECHNICAL ENTERPRISES
INTHE U5, ECONOMY

by John O, Flender & Richard S. Morse

Many factors -- domestic and world-wide -- {hfluence the U,S, economy "

and employment. Because of the increasing cost of imported energy, declining
supply of domestic natural resources, and competition from-gdods manufactured
abroad with low cost labor, the U.§. must rely more heavily on the export of.
high technology products in order to maintain a high level of employment and

a favorable balance of payments. Technology does play a very important role

in the maintenance of a sound domestic ec y, the enh t of productivity,
and our ability to compete in the world warketplace. Against this background,
it is important to review the current envh:oument for technological innovation

. in the United States.

Many foreign countries recognize the importance of maintaining a
healthy climate for technical innovation and have taken positive steps,
particularly in the support of new product development, to encourage
the innovative process, This country unfortunately has no effective
spokesman for either the entrepreneur or new enterprise generation. Congress
has historically shown an increasing lack of understanding of the innovative
process, the need for incentives for the entreprenmeurs, the venture capitalist,
and the role of new technical enterprises in the U,S., economy.

While mechanisms for more effective applications of science, technology,
and innovative management, represent a general requirement of both large and
small companies, the '"new technical enterprise" has made a unique contribution
to the American economy. The enviromment for a new generation of "technical
enterprises” to become a future Texas Instruments, Xerox, or Polaroid appears
to have deteriorated significantly in recent years. . .

In 1967 the Technical Advisory Board of the U,S, Commerce Department
studied and reported on technical fonovatfon,(l) One important fact came
to light, namely, that the rate of sales growth and job creation occurs
more rapldly in the iomovative high technology companies than it does {in
the more mature organizations. The data for those relatively new innovative
companies shown in the 1967 report has been revised to cover the period
1945 - 1974 and appears below. For comparative purposes, data for the ssme
period for selected mature companies from # variety of industries is also
‘shown,

Messrs, Morse and Flender are President and Treasurer respectively of the
M,I.T. Development Foundatfion, Inc. -

(UTechnological Innovation; Its Snvironment and Management, U,S. Department
of Commerce (Washington, D.C.: Govermment Printing Office, 1967),
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‘ Average Annual Growth (cogpounded)(z)

19451974

Junovative Companies ’ Sales Jobs
Polaroid 14,01 9.0%
k)| . - 15.1% 9.0%
IM 16.8% 10.22
Xerox 24.2% 19.4%
Texas Instruments (1953-1974) 21.2% 17,32

Weighted Average : 16.5% 10.8%
Mature Companies Sales Jobs
Bethlehem Steel 4.9% -1.72
DuPont 8.6% 2,6%
General Electric : 8.4% 3.5%
General Foods 8.2% 4.5%
International Paper C92% 2.8%
Proctor & Gamble . 9.6% 3.8%

Weighted Average ’ 7.8% 1.9%

The above data covers the 29 year period from 1945 through 1974,
Over the short 5 year period 1969  through 1974, young, high technology
companies have shown a far more spectacular growth rate,

Average Annual Growth gmounded)(z)

1969-19754

Young High Technolo anies
Date
Incorp.
1968 Data Ceneral . : . 140,51 82.5%
1959 National Semiconductor ) 54.3% '59.4%
1960 Compugraphic 50.2% 24.0%
1957 Digital Equipment 36.8% 30.7%
1964 Marion Labs 24.5% 25.4%

Weighted Average 42.5% 40.7%
(2)

Moody's Industrial Manual, Moody's Investors Services, Ihc.; New Yoi‘k.
New York




281

- During the five-year period 1969-1974, the average per" cent annual gro\;th
of the companies in each of the above three groups was:

S Sales Jobs
Innovative Companies - 13.2% 4.3%
Mature Companies 11.4% 0.6%

Young High Technology Companies _ 42.5% 40.7%

Although complete data is appended, it is worth noting here that during
the five-year period the six mature companies with combined sales of $36
billion in 1974 expericenced a net gain of only 25,000 jobs, whereas the five
young, high technology companies with combined sales of only $857 million had
a net increase in employment of almost 35,000 jobs. The five innovative
companjes with combined sales of $21 billion during the same period created
106,000 new jobs. ’

It would appear that our more mature large corporations tend to reduce
employment via such mechanisms as improved productivity, The technically
based new enterprise has the ability to create new job opportunities and
products which are competitive in the world markets. It is suggested that
the concept of fnnovation within the large corporation is viewed in terms
of cost reduction and increased productivity in an effort to remain competitive.
In the small new technically based enterprise innovation is & way of life
and is responsible for the creation of new products, processes and job
opportunities, :

The foregoing data, while in no way a statistical study of different
groups of companies, does nevertheless, indicate trends in the business
community and does point to the importance of new innovative companies
in the development apd commercialization of new technology. e

The business environment which led to the growth of companies like IBM,
3M, Polaroid, Texas Instruments, and Xerox in the post World War II years,
and which encouraged the establishment of Digital Equipment, National
Semiconductor, and other high technology companies in the 1950s and 1960s
was a favorable one. Entrepreneurs were plentiful and enthusiastic. They
were encouraged by economic incentives and by the freedom of the system which
allowed them to function and to be creative without the constraints of large
corporations. Government research and development funds were available to
small companies, and more than a few enterpreneurs built successful businesses
on DOD and NASA contracts which provided the basis for commercial products.
Capital was attainable, either from established venture capital sources,
invididual investors or through the sale of securities to the public,

In the late 1960s and early 1970s changes took place in the environment
for the establighment of new high technology enterprises. This resulted in &
reduction in the rate at which new companies were started and restricted
the development of many of the small companies which were established during
the period, These changes appear to fall in the following areas:

Government _Funding of Research and Development. About
five years ago a growing disenchantment with science and
technology began to develop in this country as a result of ever
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incressing government spending for R&D without, what many people believed,
were benefits which justified the expense, The level of government financed
R&D (in constant dollars) began to decline. Other measures, particularly the
adoption of the Mansfield Amendment, tended to restrict DOD funding of

R&D to specific goal-oriented tasks and to limit the programs which might
have {mportant commercial significance.

Both small companies and universities were directly affected by these
cutbacks, but there was also an indirect effect which was much less obvious.
Not only were government R&D contracts no longer a mechanism for small
companies to get started, but govermment-sponsored university research was
so oriented that opportunities for the establishment of new companies to
commercialize new technologies were greatly reduced. (The RANN -~
Research Applied to National Needs -~ Program of the National Science
Foundation may be an exception to this generalization.)

Another change related to government funding of R&D hes been the
reduction in acceptance of unsolicited and of sole source proposals in
favor of competitive bidding for R&D procurement. Although not generally
understood, the unsolicited proposal has played a unique role in the
development of innovative technologies by providing relatively small smounts
of money to bring a new concept or technology to the point where a.product
might emerge, Now an unsolicited proposal may provide the basis for a
request for additional proposals and competitive bidding, The practice
of competitive bidding tends to favor the large corporation which has the
ability to submit and resubmit detailed and costly proposals to fit the .
requirements of a particular situation.

Contract administration of government programs also has become over-
whelmingly burdensome and often, particularly in small companies, the monitoring
and reporting requirements have grown all out of proportion to the size of the
task.

Financial Incentives. At the same time the goveroment was under pressure
to reduce spending for research and development, the long establishished
practice of granting stock options came under attack. It was felt by many,
and not without some justification, that there were an increasing number of
abuses of the stock option programs in large corporations. As a result, the
rules governing the granting and tax treatment of qualified stock options
were tightened, Abuses in the large corporations were to some extent curbed,
but the unique incentives previously offered by stock options to the
entrepreneur were essentially eliminated.

Income taxes have now been adjusted so that salaries and wages became
taxable by the, Federal Govermment at a maximum rate of 507% while capital
gains taxes have increased from the maximum of 25% to a maximum of 35%.
Simultaneously, more and more states have levied new income taxes or
increased old ones., 1In some states considerably higher rates are applied
to unearned income and to capital gains than are applied to salaries and
wages. The result has been a significant narrowing of the gap between
income tax and capital gains tax rates and the corresponding reduction in
the financial incentives for the entrepreneur, As a result of the changes
in the tax structure and in the stock option rules, the entrepreneur now
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finds that the potential "after tax" gain from starting his own company may
not be commensurate with the risks, and that employment by a large company
at a relatively high salary may have greater overall ﬂttrBCtioo.

Regulatory Environment. During the last five years, the role of the
government regulatory agencies has been an ever increasing one. Environmental
requirements, the need for impact statements for new activities, safety and
‘health regulations, etc.; at all levels of government have changed the
business climite for both large and small companies. Sometimes the small
company can operate more freely than the large company within this new
climate, but when conformity i{s required, the small entrepreneur is less
well equipped both financially and with respect to manpower than the large
organization.

The dircct cost of conforming with specific new regulatory requirements
is easily identified, but what about the indirect costs to the small company
which have resulted from compliance with the expanded requirements of the
established regulatory agencies? Consider the Securities and Exchange
Commission. One of the leading national auditing firms estimated recently
that in the last five years, the requirements for a Form S-1 registration
have been expended to the point where an equivalent registration statcment
today would take two and a half times the number of man hours it would have
required five years ago. The resulting increase in cost combined with the
effect of inflation has made registration prohibitively expensive for the
small company, Furthermore, expanded reporting requirements are now so
onerous and expensive that many small publicly held companies are looking
for ways to reduce their number of stockholders to a point below which
reporting will no longer be required.

Reduction of Liquidity. In recent years, many professional investors
have been discouraged from providing seed capital to new companies because
of concerns about liquidating their investments fn a reasonable time period-
Three factors have contributed to the reduction in liquidity; -first, the
cost of "going public" has for many companies become prohibitively expensive;
second, the public, as a result of bad experiences, is unwilling to invest
in speculative securities; and third, SEC regulations significally
restrict the large stockholder from disposing of his securities in a
reasonably short period of time. The SEC's new Rule 144 has been bene- .
ficial to finvestors by clarifying a number of unanswered questions
regarding the resale of unregistered securities when a public
market exists, The problem is that in the absence of an established market,
Rule 144 does not apply. For many years, the SEC has been promising a
Secondary Private Placement Rule, but the rule has not been forthcoming. At
the present time, there is no way a large investor can liquidate a significant
portion of his holdings in a private transaction without running the risk of
being in violation of the Securities Act.

Reporting Procedures and Public pisclosures. In recent years the SEC
has pushed for more prompt and detailed disclosure of matters pertaining to
the business of a so-called "Reporting Company". The result has been a
staggering increase in legal and auditing costs as well as in the non-
productive work load. Small companies have been particularly hard hit
by .aese requirements which take a disproportionately large percentage of
overhead effort and executive -time,
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Capital Supply. Probably the most {mportant change {n the environment
for starting and developing new high technology companies during the period
has been the decline in the supply of risk capital for small companies. Not
only has the supply contracted, but there appears to have been'a shift away
from {nvestment {n technical companies. Small new public {ssues in the U.S,
by companies with a net worth of less than $5 million before the offering

"declined from $1.1 billion in 1969 to only $16 million in 1974. - But what

is more disturbing is the fact that the percentage of dollars invested in
technical companies tncluded within the group of small companies described
above, declined from an average of 33% in 1969 and 1970 to an average of
only 237% in the years 1971 through 1974. It should also be noted that there
have been no public financings of Small Technical Companies of the type
described between March of 1974 and August 1, 1975.

Number of

Issues .

\ Numbe} of Small Company Public Issues by Years
600 '
500
400
300 |
200 \\\\\\\\ -

~
&\Jm l&~u—Q cokﬁ
100 -———.____,——”’—”"
1969 1970 1971 1972 1973 1974 1975

6 Mo.

Note: See Appendix B for complete data and source.
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In late 1974, a survey was made of the members of the Ndtional Venture
Capital Association (NVCA) regarding the number and amount of private
financings concluded during a period of approximately 5 years. Fifty seven ,,
firms or 71% of the membership responded to this survey as tabulated below:

No. of Vénture Capital Number of New $ value of

Firms Involved in New Financings Financinge

Financings (Millions)
1970 39 : 223 $66.4
1971 48 225 84.5
1972 47 ' . 223 89.8
1973 46 ' 185 93.5
1974 (nine months) 37 93 47.8

The statistics indicate a distinct decline in venture capital investments
in new projects during the period 1973 through 1974. Although the 1974 data is for
a 9 month period and may not be indicative of the level of activity
during the entire year, NVCA officials indicatc that there were very
few financings during the last quarter of 1974, The opinion ia
substantiated by the public issues data, taken from Veanture Capital,

Unfortunately, data regarding the financings of techmical "start-up"
situations and very new companies 1s almost non-existent; first, because
the sources of early stage venture capital have been both varied and diverse
and, sicond, because most independent, as well as organized investors, are
reluctant to discuss their activities, The NVCA data does not show, nor was
it intended to show, the nature of the investments or the stage in a compauy'al
development during which a financing was completed, Information gathered
independently from within the venture capital community, however, suggests
that recent financings involved relatively conservative investments in
seasoned companies as contrasted with the more speculative, early stage
investments made at the start of the five-year period. There 1s sufficient
information in the NVCA study to support this contention.

. If, as indicated by the NVCA data, the number of private venture capital
financings is declining, the question can quite naturally be raised, "Is there
unused capital available?” The survey indicated that about 227 of the capital
of those groups who responded was in cash, but went on to say, "Since most
venture firms tend to hold cash reserves for contingencles, it would appear
the venture industry is currently rather fully invested."

Both the public issues data and the private financings data reflects the
declining number of financings by clearly identifiable segments of the
financial community. There is no data regarding the individual and truly
private source of seed money. One possible, but as yet unproven,source of
venture capital may come from corporate groups which are interested in
diversification and the development of windows on new technologies through
the acquisition of minority interest in small companies.

(4)Survey of Venture Capital Industry and Its Impact on Public Companies
Financed, prepared for the National Venture Capital Association by
Aharon R, Ofer, Asst. Prof. of Finance, Northwestern University,

28-558 0 -8~ 19
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The most serious shortage of capital has been experienced by those
individuals and organizations looking for seed money or "start-up" capital.
Investors, who were always ready to provide limited funds to a brand new
enterprise which appcaled to them, now shun a “start-up" situation, First,

" gtart-ups require far more money than was needed five to eight years ago.

Higher costs have resulted from inflation, incrcased regulation of business

and the absence of government R&D to expedite the initiation of technologically
based companies. Second, because of the current economic environment, investors
have tended to put money into more seasoned companies where markets are known,
management teams have been developed, and investment canr be made in the form

of an interest bearing note with warrants or other debt plus equity arrangements.
Start-up ventures should be considered solely as equity investments usually

in unproven market areas with untrfed management teams. Third,.the venture
capitalist 1s no longer able to leverage his investment in a new enterprise
with bank debt after a new company begins to make sales. This type of money

is extremely difficult to find and 1f such loans are made, personal guarantces
of officers and directors are usually required.

Cdnsidering the problems of venture capital today, it is remarkable that
any new companies have been started and financed in the last three years,

CONCLUSTIONS

As observed in the 1967 CTAB report on technological innovation, the
entrepreneurial process, particularly as ft relates to high technology
companies, is not well understood. It has been noted, however, that the
process can occur only in a favorable enviromment. This envirommeut has
deteriorated over the last few years in the following manner:

1. Government R&D programs are a less significant factor in stimulating
high technology companies. The character and complexity of
government procurement policy and procedures and manag t methods
has deteriorated significantly,

2. Financial fncentives for the enﬁrepreneur and the investor have
declined,

3. Government regulation has greatly inct_’ease.d the operating cost and
management problems of new business enterprises,

4, The liquidity of investments in small companies has been reduced by
the absence of a receptive public market and by regulation,

5. The supply of capital for starting new h4igh technology ventures 1is
almost non-existent. Private capital for seasoned new companies is -
difficult to obtain and public financing is essentially unavailable.

These changes in the entrepreneurial environment present a serious
problem for the country. Under conditfons as they exist today, the new high
technology growth companies are not being organized in sufficient numbers
to provide the jobs and the technical products for export which will be needed
in the decades ahead. If the.future economic health of the country is to be
insured, it 1s apparent that something must be done to improve the business
environment, It is probably impossible to quantitatively predict the extent
to which any specific legislative of administrative change might stimulate
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or expedite the' generation of new business enterprises. The .following
recommendations are suggested for Executive and Legislative action in
order to enhance the initiation and growth of new technically based
enterprises: ' .

1.

~N

Change Cagit'al Gains Tax, A reduced capital ‘galns tax rate for
direct investment in small technical enterprises should be an
effective incentive to make venture capital avallable for
"Start-ups”. Such an incentive should be available to both
corporate and individual fnvestors. ’

"Founders'" Stock. A new mechanism is needed to facilitate the
acquisition of "Founders'" stock by officers, directors, and

key employees during the formative years of the company. Care
should be taken to prevent adverse tax consequences which negate.
the value of the stock in attracting key talent to the enterprise

. team,

w

[
.

7

o
.

Recognize the Role of Corporate Investors. The institutionalization
of the venture capital community and the increasing use of the
industrial corporate venture mechanism suggest that it would be .
desirable to allow corporate and partnership participation under -
both Sub-Chapter S.and Section 1244 of the Internal Revenue Code.’

Tax_Incentive for Direct Investment in Small Technical Enterprises.

An immediate deduction against income for individual, imstitutional
and corporate investors for their direct investment in small

technical enterprises would be an effective incentive for start-up
financing, The investors would zssume a zero tax base, and capital
gains tax liability would be incurred only upon sale of the investment,

Review SEC Rules. SEC rules, not withstanding Rule 144, continue to

restrict the small company investor's liquidity. New ¢ombinations
of holding periods and rates of distribution (for both private and
public companies) should be considered.

Review Reporting Procedures. Reporting requirements under the rapidly
growing state and federal regulations rules should be reviewed with the
intent of simplifying the requirements for small companies.

Review Tax and SEC Regulations., General cost increases angyinilatlon

have made dollar limits in certain rules too small. For 12 stock,
the maximum asset value ghould be increased to $1,000,000; the loss
allowance should be increases to $50,000 on an individual basis,

and $100,000 on a joint return basis, Similarly, the capitalization
limit for a Reg. A registration should be increased to $1,000,000.
The small business 22% tax rate should be applied to the first
$100,000 of income rather than $25,000. The tax-loss carry-forward
period should be extended from five years to ten years,

Review Incentives for Management., For the new small enterprise, the
value of stock options as a management incentive can be restored by
reducing the holding period for shares issued under a qualified,
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plan and arranging to defer tax liability for shares {ssued under
& non-qualified plan. Other forms of finmancial and tax incentives
should be developed for the management and key employees of the
higher risk new technical enterprise.
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Appendix B.

liew Small Company Public Issues
($ In Millions)

Small Companies Small Technical Companies

Dollars Number Dollars Number
1969 §1,103 649 $349 T 204
1970 386 210 149 86
1971 528 244 138 73
1972. 921 . 418 194 104
1973 158 : 67 a8 19
1974 16 9. 6 4
1975 (6 mos.) 4 1 0 0

Includes all "firm" underwritings of equity securities of less than

$5 million for companies with net worth, prior to offering of less
than $5 million, Excludes Regulation A offerings, "best cfforts"
sales, government securities and foreign i1ssues, Data from

Venture Capital published by S.M. Rubel and Company, Chicago, Illinois.
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SOUTHERN SCIENCE APPLICATIONS, INC.

DIVISION OF BLACK & VEATCH

I;i[ May 19, 1978

[

Honorable Adlai E. Stevenson
Chairman ~ Science, Technology

and Space Subcommittee
United States Senate
Washington, D.C.

Dear Senator Stevenson:

On behalf of the American Consulting Engineers Council, I would Tike to
submit comments in connection with your subcommittee hearings on ways in which
U.S. Government policy can contribute to U.S. technological superiority and
create new trade opportunities for high technology exports.

For the past two or three decades, the improvements in technology have been
enormous. For most of this period, the United States has enjoyed a position of
world superiority in developing basic principles, skills, and understanding, and
also in adapting and commercializing technological innovations for practical
applications in this country and abroad. In recent years, however, U.S. superi-
ority in the high-technology areas has been seriously eroded, not only by the
developing indigenous capabilities and competitive positions of the more pro-
gressive foreign nations, but also by the almost-repressive taxation policies of
the U.S. Government. Specifically, the 1976 revision to Section 911 of the Tax
Code and the subsequent interpretations as appltied to U.S. citizens employed in
overseas assignments have placed U.S. industries in a difficult competitive
position internationally. Other factors, such as escalation and its consequent
impact on both the amount and effectiveness of public and private expenditures
on research and development, also contribute to the deteriorating international
position of high-technology industries in the U.S.

In my own field — nuclear power — other governmental restrictions {most
derived from the valid desire to minimize the potential proliferation of nuclear
weapons) also limit the marketing of consulting services internationally.
However, as nonproliferation concerns are better understood, and as international
cooperative agreements are consummated, it seems reasonable to anticipate that
more foreign markets for nuclear consulting services will become available. We
expect to seek international-opportunities and would certainly hope to be able
to compete with foreign firms — without being handicapped by tax penalties
imposed by U.S. Government policies.

It appears to me that the current provisions of Section 911 of the Tax
Code and the associated interpretations, penalizing U.S. nationals in overseas
assignments and imposing cost premiums on U.S. corporations seeking international
commerce, is short-sighted, seeking to reap an immediate tax windfall rather
than deferring to a much larger potential tax income that would become available
in the future. Therefore, 1 join others in petitioning for legislative relief

28-558 ©d8
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from the unfair and trade-repressive provisions of the 18976 revisions to
Section 911 and the "grossing up" interpretations related to cost of 1iving,
education, relocation, home-Teave travel, etc. I believe this will be an
important step toward restoring U.S. technological superiority and equalizing
U.S. industry competitiveness in the international market for high-technology
exports.

. I respectfully request that this letter be entered in the hearing
record.

Sincerely,

F vl

Kenneth E. Roach
President
KER: jcg

cc:  Bruce C. Roberts, pirector
Interpational Division
American Consulting Engineers Council
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DEPARTMENT OF THE TREASURY
WASHINGTON, D.C. 20220

DEPUTY ASSISTANT SECRETARY

JUN 291978

Dear Mr. Chairman:

I appreciate the opportunity you gave me to testify
before the Subcommittee on International Finance and the
Subcommittee on Science, Technology and Space on May 16.
I indicated during the question period that the Treasury
Department would provide answers to several questions
raised by you and Senators Proxmire and Schmitt.

1) Disaggregated figures

The attached table breaks down, on a product line
basis, data for R&D intensity and trade performance in the
manufacturing sector, and on an industry-wide basis, data
for productivity. Industries are ranked by R&D intensity,
and separated into above-average (high technology) and
below-average (low technology) R&D intensity. Notice that
high technology goods in general have a much more positive
trade performance than low technology goods. In addition,
average productivity per man is 50 percent higher for high
technology goods than in the low-technology category.

ReD figures relate to R&D performed in industry, yet fi-
nanced both by private firms and by the U.S. Government.

2) Exploratory versus defensive R&D

We have attempted to determine if data exist which
would indicate a shift in R&D away from efforts leading to
product innovatjon and toward efforts designed to meet
government regulatory requirements. We have been unsuc-
cessful in obtaining such figures. A gualitative statement
of this phenomenon appears on page 48 of an article from
the July 3, 1978 issue of Business Week, attached. The
same article reports a 10 percent rise in real R&D spending
performed by industry between 1976 and 1977 (for various
reasons, the MCGraw-Hill data are not entirely comparable
with National Science Foundation data).

The National Science Foundation does collect data on
industrial R&D spending for pollution abatement. In 1975,
over half of all such expenditures were undertaken in the
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motor vehicles industry ($347 million). Within the motor
vehicles industry, R&D spending on pollution abatement
amounted to 17 percent of all R&D spending. Economists at
the McGraw-Hill Publications Company have also kept track
of R&D expenditures for pollution control. They claim
that every major industry (with the exception of chemicals
and nonferrous metals) is currently planning to increase
its R&D work against pollution by 1980. Unfortunately,
data on R&D for pollution abatement has not been collected
for a sufficient time period to detect actual trends.

McGraw-Hill Publications also has collected data in
three categories of R&D effort: new products, new processes,
and improvement of existing products. For 1977, manufac-
turing enterprises put 28 percent of R&D effort in new
products, 13 percent into new processes, and 59 percent into
improving existing products. The categories, it should be
cautioned, involve a fair degree of subjective distinction.
R&D effort in any of the three categories has the potential
for increasing efficiency and promoting economic growth.

As Senator Schmitt pointed out in his statement,
basic research in industry (in constant 1972 dollars) has
declined from a peak in 1967 of $796 million to $552 million
in 1975. Half of this real dollar decline, however, can
be attributed to a fall-off in basic industrial research
in the fields of physics and astronomy, paralleling the
decline of the space program,

If any clarification or further information is needed,
I will try to be of help.

Sjmgerely yours,
3 Oany R‘ﬁw
Gary C. Hufbauer

The Honorable

Adlai E. Stevenson, Chairman

Subcommittee on Science,
Technology and Space

United States Senate

Washington, D.C. 20510

Attachments
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RESEARCH

VANISHING
INNOVATION

A hostile climate for new Ideas and products -
is threatening the technological superlority of the U. S.

A grim mood prevails today among
industrial research managers. America’s
vaunted technological superiority of the
1950s and 1960s is vanishing, they fear,
the victim of wrongheaded federal poli-
¢y, neglect, uncertain business condi-
tions, and shortsighted corporate man-
agement. They complain that their labs
are no longer as eommitted to new ideas
as they once were and that the pressures
on their resources have driven them into
a defensive research shell, where true
innovation is sacrificed to the certainty

h

“Historically, the government’s role
has been to buy more science and r&D,”
says Martin J. Cooper, director of the
strategic planning division at the Na-
tional Science Foundation (NsF). “Now
maybe we better go with investment
incentives.” Says Jordan J. Baruch,
Assistant Commerce Secretary for
science and technology, who will be the
review's day-to-day manager: “This
study developed in an environment of
people concerned about economics, busi-
ness, and technology.”

of near-term returns. Some ]
are bitter about their own companies’
lax attitudes toward innovation, but as a
group they tend to blame Washington
for most of their troubles. ‘{Government
officials] keep asking us, ‘Where are the
golden eggs?' ” explains Sam W. Tinsley,
director of corporate technology at
Union Carbide Corp., “while the other
part of their apparatus is beating hell
out of the goose that lays them.”

That message—and its implications
for the overall health of the U. S. econo-
my—is starting to get through. Follow-
ing months of informal but intense
lobbying led by such executives as N.
Bruce Hannay, vice-president for re-
search and patents at Bell Telephone
Laboratories Inc., and Arthur M.
Bueche, vice-president for research and
development at General Electric Co., the
White House has ordered up a massive,
28-agency review of the role government
plays in helping or hindering the health
of industrial innovation. “Federal policy
affecting industrial R&D and innovation
must be carefully reconsidered,” wrote
Stuart E. Eizenstat, the White House’s
domestic policy adviser, in a recent
memo outlining the review’s intent.

One thing that the study clearly will
not accomplish is a quick fix for the
deepening innovation crisis. The prob-
lem is regarded as immensely complex
by the Administration, and is inextrica-
bly tied to other economic dilemmas now
facing Carter’'s White House.
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The Ad ion's concern is un-
derscored by the fact that it is organized
as a domestic policy review, the highest
sort of attention a problem can receive
within the executive branch. Among its
objectives, such a review must produce
options for corrective action by the Pres-
ident. According to Ruth M. Davis,
Deputy Under Secretary of Defense for
research and development, “this is the
only such review at the policy level in 20
years that transcends the interests of
more than one agency.”

@Government officials
koep asking us, ‘Where
are the golden eggs?,
while the other part of

hell out of the goose
that lays them

—Sam W. Tinsley, direcior
of corporate technology,
Union Carbide Corp.

their apparatus Is benﬁng'

The White House also seems deter-
mined not to conduct the study in a
governmental vacuumn. Baruch is solicit-
ing input from groups such as the Indus-
trial Research Institute (1R1), the Busi-
ness Roundtable, and the Conference
Board. “We want both CEOs and R&D
vice-presidents,” says a White House
official. Labor groups have been asked to
participate, too, along with public-inter-
est groups. Congressional leaders such
as Senator Adlai E. Stevenson (D-I.),
chairman of the Senate subcommittee on
science, technology, and space, have been
brought into the early planning. And the
28 agencies involved extend beyond
obvious candidates, such as the Environ-
mental Protection Agency, to the Justice
Dept. and even the Small Business
Administration.

The study’s scope is so sweeping, in
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fact, that some federal oﬂiclals are t:.lk

health of the economy are becoming

ing about a “tk

ilable. According to a 1977 Com-

to policymaking. But one government
science manager demurs. “It beats
having one guy write a national energy
program in three months,” he sniffs.

merce Dept. report, for instance, techno-
logical innovation was responaible for
45% of the nation's economic growth
from 1929 to 1969 The study went on to

-and Howard K. Nason, “other categories

of effort—especially research—must be
suffering.”

Other observers compare the viability
of industrial innovation in the U. §. with
that of foreign countries. One expert is J.

Philip M. Smith, an to Presi-
dential acience adviser Frank Press and
an early organizer of the study, concedes
that “a lot of people have told us that we
are likely to fail.” But such skepticism,

* he believes, does not take into account
the considerable clout of those involved
in the effort. Commerce Secretary Juan-
ita M. Kreps, for example, is chairing
the study, and she heads a coordinating
committee whose members include
Charles L. Schultze, chairman of the
Council of Econopic Advisers, Adminis-
tration inflation fighter and chief trade
negotiator Robert S. Strauss, and Zbig-
niew Brzezinski, Carter's national secu-
rity adviser. Even more important is the
support of Eizenstat, who, says Smith,
“is very interested in this particular
review.”

Finding ‘new directions’

On the other hand, there is already
grumbling within the Agriculture Dept.,
which was left off Kreps's committee.
“We are red-faced,” says a high-ranking
Agriculture official. “We are out of the
project because this Administration and
those before it do not place any priority
on agricultural research.” However, Jor-
dan Baruch insists that the department
will play a role in the study. Agriculture
experts point out that farm commodity
exports of over $24 billion play a key role
in the U.S. balance of p:

Herbert Holl director of the Cen-

D e perf
intensive manufacturers wn.h that of
other industries from 1957 to 1973, and
found that the high-technology compa-
nies created jobs 88% faster than other
businesses, while their productivity grew
38% faster.

The b the

ter for Policy Alternatives at Massachu-
setts Institute of Technology. According
to Hollomon, a reason the U. §. is losing
its leadership is that “we’re t—
we have an NiH [not invented here]
wmplex at the > very time a majority of
is bound to come

help to establist

dohn Marmares

central role of industrial innovation in
i lati i il b“'.

note also that superior technology is the
basis of the commanding American posi-
tion among world food exporters.
Whatever its outcome, the White
House policy review is being undertaken
at a time when, as Frank Press puts it,
“we badly need some new directions.”
Many experts view with alarm the
declining federal dollar commitment to
R&D, which has dropped from 3% of
gross natienal product in 1963 to just

2.2% this year. For its part, industry as

a whole has more or less matched the
inflation rate and then some with its
own spending. But such macroscale indi-
cators do not tell all. “We've got to find
out what the story is sector by sector,
because each industry is going to be
different,” says Press. “We also have to
find out what’s going on abroad.”
Better data on the relationship be-
tween industrial innovation and the
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they also are beginning ‘to reveal the
changing character of industrial re-
search. The amount of basic research
that industry performs, for instance, has
dropped to just 16% two years ago from
38% of the national total in 1956.

And a new IRl survey of member
companies for the National Science
Foundation demonstrates how federal
policy has directly altered the nature of
the research effort in another way,
making it more and more defensive. The
study shows that surveyed companies
increased RraD spending devoted to
proposed legislation by a striking 19.3%,
compounded annually, from 1974 to
1977. And the rate was 16% a year for

from outside the U. 8.” Consequently, he
argues, the U. S. has not organized itself
to capitalize on these advances, as
foreign countries have done for years

Our technologieal
supremacy s not
mandated by heaven

* —W. Michael Blumenthal, .
Treasury Secretary .

with American knowhow. Since as much
as two-thirds of all r&D is now conducted
by foreign laboratories, Hollomon says,
it should be no surprise that they have
taken the lead in such technologies as
textile machinery and steel production.

“We egsentially prohibited West Ger-
many and Japan from defense and space
research,” says Hollomon. “So it’s no
accident they concentrated on commer-
cial fields” He adds: “I believe other
nations better understand &hat the
innovation process is important.”

Says a research director for one high-

R&D devoted to O 1 Safety &
Health Administration (OSHA) require-
ments. “When overall R&D spending is
not growing nearly this fast,” note the
survey’s authors, George E. Manners Jr.

“For a country like
ours, the technology leader of the world,
what has been happening is dovmrighl
embarrassing.” Indeed, even the pre-
sumed sources of strength in a consum-
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er-oriented society are today under
intense pressure. “Our experience with
Japan in the consumer electronics indus-
try—namely televisions, radios, audio,
and transceiver eqmpment—shows some
of our weaknesses,” testified Gary G.
Hufbauer, a Deputy Assistant Treasury
. Secretary, before a congressional sub-
committee. In 1977, he said, “we had a
$3.6 billion trade deficit with Japan in
high-technology goods, and about two-
thirds of thia was accounted for by
imports of consumer electronic goods.”

The role of reguiation

The cumulative response to these
developments has been alarm. “The
system has néw sharpened its pencils in
a way that discourages changes that are
major,” worries Robert A. Frosch, head
of the National Aeronautics & Space
Administration. “We have been so busy
with other things that we may have
inadvertently told the people who think
up ideas to go away.”

Even labor unions, which historically
have left Rap decision-making up to
corporate board rooms, now are com-
plaining about lack of innovation. “Hav-

ing helped to develop and pay for this

technology,” says Benjamin A. Shar-
man, international affairs director of the
International Association of Machini
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jobs, better worhng conditions, and

general prosperi ‘And Charles C.
meble. mseamh directar of the Electri-
cal, Radic & Machine Workers union,
goes 8o far as to suggest that labor
should now have a say in how industrial
research money is spent.

Among research managers them-
selves, excessive or contradictory federal
regulatory policy is the single greatest
complaint. Hannay of Bell Labs points
to Food & Drug Administration require-
ments as a case in point. According to
one study, says Hannay, a 1938 applica-
tion for adrenaline in oj] was presented
to the FDA in 27 pages. In 1958, a treat-
ment for pinworms took 439 pages to
describe. “By 1972, he says, “a skeletal
muscle relaxant involved 456 volumes,
each 2 in. thick—76 ft. in total thickneas
and weighing one ton.”

Regulation, says Tinsley of Union
Carbide, has put s bottleneck on new-

experiment with new approaches to
problems. “The overall effect of regula-
tions on the auto industry has been to
build an envelope around the internal-
combustion device and the whole car
structure,” says Harvard Business
School Professor William J. Abernathy,
who specializes in technology manage-
ment. “‘Don’t do anything really new,
don’t change.” That's what these regula-
tions say.” Paul F. Chenea, vice-presi-
dent for research at General Motors
Corp., agrees. “You just don’t have time
to explore wild new ideas when a new
rule is so closely coupled to your current
business,” he says.

‘The science of the matter'

In Congress, where the regulatory
laws are written, such thinking has so
far found a small audience. “A great
aumber of the regulauons that we would
call

product in the

industry and has so added to the cost of
getting any new chemical approved that
only those targeted at a vast, assured
market are attempted today. Food and
drug industry researchers echo that
complaint. “Today,” says Al S. Clausi,
director of technical research at General
Foods Corp., “our industry does work
that is tostered by unreal and invalid
public

“American -vorkers have & right to
demand govérnment responsibility for
using it to create new products, more

But regulation can have less obvious
impacts, such as forcing an industry to
stick with old technology rather than to

can limit R&D payoffs

Companies that make it across ‘the

perior technology to market still may
find a threat on the other side: monapo-
lization charges that keep them from
fully exploiting the technology. As old as
that problem is, such charges can come
asashock,utheyd.\dequt(b
last April.

the Sherman act prevents a company
with a hammerlock on a particular
mdustry trom makmg saund ot.herwue
ly legal b that
would, however, perpetuate jts domi-
pance. In 1945, for example, Judge
Learned Hand found evidence that
Aluminum Co. of America unlawfully
monopolized its industry by its tendency
to “double and redouble ecapacity” as
demand increased. That, seid Hand,
locked would-be eompemors out of the
expanding market.
In a similar vein, the Federal Trade
Commiasion said three months ago that
Du Pont had used “unfair means” to

How antitrust eharges

keep competitors from In-. .
creasing their share of the
market for tita-

- aium dioxide, 8 widely

. may actually be
seli-defeating,” muus Harrison H.
Schmitt, the former astronaut from New
Mexico who is the rankmg Republican
on S 's Senate

“Instead of looking at pollution controls,
if we were looking at building a more
efficient and therefore less-polluting
engine, we would not only be solving our
envircnmental problems, but we would
be producing a new thing for expo:
Schmltt is one of only three federal

with bl of a

science background. “We probably hxve

Du Poat's Shapire: The
FTC's “compleint is E
whally wthout bests.”

development minefield and bring su- -

Courts established dmdea ngo that -

Shapxro, the company’s
chairman.

0% share. Supenor tech-
nology clearly contributes
to Du Pont's dmmmmee. In
the 1950s, the company
devoted a decade of work— ¥
and what a spokesman will
peg only at “many millions of dollars”—
to develop a new way of mahng Ti0,
Although the highly contin-

to Alfred F. Dougheny Jr.,

head of the commission’s
antitrust arm, even a 80%
chunk of the market “could
be a dominant posltxon it
all the other firms in the
market had a much lower
share” In faet,” Justice
Dept. antitrust chief John
H. Shenefield asked his
staff to look at Du Pont’s
'l'iOl policies only to find the FIc there

ead of him.

n'n

the FIC says that Du Pont

uous process went on stream more than
20 years ago, ltstxlltopsthepmcesses
used by such competitors as NL lndus-
tries, SCH, and American Cy

keeps its market share by expanding
capacity before the market is ready for
more productlon, thereby forestalling
plans. Du Pont,

because it uses cheaper raw ‘materials
and produces less acid waste.

The problem with the government
arises because Du Pont's 40% share of
the $700 million-a-year market is still
growing. That alone is enough to send
government lawyers poking about for
actions that can be attacked According

uysthenc,shouldgetndafoneoftwo
current TiO; facilities and a new plant at
De Lisle, Miss., that would begin produc-
tion next year. The FIC staff also wants
the company to take competitors under
its wing by giving them, royalty-free, the
superior technology and knowhow it has
built up over the past 25 years.
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exercised very poor judgment in the
past,” he says, “because the Congress
overall—members as well as staff - have
not been able to understand what is
possible technologically and what is not,
and therefore not heen able to relate the
costs [of legislation].”

Jason M. Salsbury, director of the

chemical research division at American }

Cyanamid Co., pleads, “Before the law-
yers write the legislation, let them know
the science of the matter.” Not only may
some mandates be beyond what industry
can legitimately perform, he says, but
the rules force a conservative approach
to science. One key indicator of this
trend ns the mcreasmg number of
now empl

company research labs "'l‘omeologlsts
don’t innovate,” notes Frank H. Healey,
vice-president for research and engi-
neering at Lever Bros. Co.

Then there is the regulatory bias
against new ideas. In the EPA’s grant
programs for waste-water treatment at
the municipal level, for instance, equip-
ment specifications must be written so
that gear can be procured from more
than one source. That means a company
with a unique process is discriminated
against. What is more, the mandate for
cost effectiveness precludes trying out
innovative approaches whose value can
only be measured if someone is willing to
gamble on them.

If the domestic policy review is to
solve such questions, it will depend in

Whether the need ior such onemus

can be an
FIC Judge, the full commission, then a
court of appeals and, perhaps, the
Supreme Court—may take years to

299

large part on the willingness of regula-
tors to see matters in a new light.
According to Philip Smith, there is “a
sense that people like [EPA Administra-
tor] Doug Costle and [FpA Administra-
tor] Don Kennedy want to work with
industry, and they don’t want to fight all
the time. I think we have a team of
people now in government that may be
able to do something.”

The investment climate

But industry should not expect a
major overhaul of regulatory practices
to emerge from the study. EPA Adminis-
trator Douglas M. Costle concedes “a
tremendous growth in the last decade in
health and safety regulations—13 major
statutes in our arez alone” Though
Costle agrees that the economic impact
of such rules should be more closely

he

determine. But the approach is not
unusual in monopolization cases.
The Xarox cese. Just a year ago, the
Justice Dept. ended such 2 suit against
Industrial Electronic Engineers Inc., by
getting the California company to prom-
ise roya.lty free licenses to all comers on
patents it had used to dominate the
market for rear-| projectlon readout
for electronic d
systems. And three years ago, the FIC
settled a complaint by getting Xerox
Corp. to open its portfolic of 1,700 copier
patents to competitors. Xerox had to
license three patents—chosen by the
competitors—free. Fees for use of the
rest were strictly limited by the Frc.
As" severe those measures may

that “this rap-
idly widening wedge of regulation has

n 8 response to0 a massive market
failure—failure of the marketplace to
put an intrinsically h)gher value on
pollution-free processes.”

Most regulators agree that not enough
research has been done on the true
nature of the environmental problems
they are empowered to combat, but they
also argue that Fegulation has led to

favored over the economic burdens of
compliance.”

Bingham and her boss, Labor Secre-
tary Ray Marshall, may represent an
increasingly isolated view, however. Eco-
nomic issues have come to dominate
thinking within the Carter Administra-
tion, and it is precisely these questions
that industry has stressed in its discus-
sions with science adviser Press and
other White House officials. Just over a
month ago, Treasury Secretary W.
Michael Blumenthal told a meeting of
financial analysts in Bal Harbour, Fla.,
“We are now devoting a very sizable
chunk of our private investment to meet-
ing government regulatory standards
.. . and in some of these areas we may
well be reaching a breaking point.”
Blumenthal also noted: “Our technologi-
cal supremacy is not mandated by heav-
en. Unless we pay close attention to it
and invest in it, it will disappear.”

A month before the Blumenthal
speech, GE's Bueche suggested to an
American Chemical Society gathering
that “we step back and look at RaD for
what it really is: an investment. It is an

g practices, jally in the
area of resource recovery, where closed-
cycle processes now help capture reus-
able material. 0SHA officials also cite
examples where the agency has laid
down rules that have Jed to cost-cutting
innovations. But Eula Bingham, the

seem, and as discouraging to i
the antitrusters contend that it is the
only way rivals can eat into a monopo-
list’s dominance of a market. Says Alan
K. Palmer, assistant director of the FIC's
antitrust arm: “We have to look to what
relief will really be effective.”

RESEARCH

OSHA ator, emphasizes that the
“legislatively determined directive of
protecting all exposed employees against
material impairment of health or bodily
function” requires tough regulation
without quantitative weighing of costs
and benefits. “Worker safety and
health,” she insists, “are to be heavily

that, like more conventional
investments, has become increasingly
less attractive.”

Bueche, along with most other re-
search managers, rejects the idea of
direct federal subsidies to mdustnal
reD. Instead, he points out that “per-
haps 90% of the total investment
reguired for a successful innovation is
downstream from R&D, [and thus] it
becomes . . . clear why we must concen-
trate on the overall investment climate.”
Bueche attacks Administration propos-
als to eliminate specml tax treatment of
long-term eapital gains, plumps for more
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rapid investment write-offs, and says “it
is extremely important to provide
stronger incentives for technological
innovation by making permanent and
more liberal the 10% investment tax
credit.”

Critics in industry

Bueche’s arguments suggest the
broad—yet often indirect—way in which
federal policy runs counter to the best
interests of innovation. Fear of antitrust
moves from the Federal Trade Commis-
sion or the Justice Dept., for instance,
has prevented many companies from
sharing research aimed at a problem
common throughout sn industry—
including new technology aimed at solv-
ing regulatory questions. At General
Electric, the legal staff must now be
notified if a competitor visits a company
research facility, even if no proprietary
material is involved.

For their part, Justice Dept. trust-
busters claim that fears that their poli-
cies stifle innovation are not justified.
They say they are flexible enough to
recognize the differences in the pace of
innovation from industry to industry,
and that is why they allow a fair number
of mergers among electronics companies.
“That’s an industry where you don't
:Zve to worry about someone cornering

e market,” says Jon M. Joyce, an econ-
omist in the Justice Dept.s antitrust
division. “There’s just a Jot of guys out
there with good ideas.”

Industry further claims that the
inability to secure exclusive licenses on
government-sponsored research leaves
much good technology on the shelves,

52 BUSINESS WEEK: July 3, 1978

while federal attempts to market new

‘products are often silly at best. Richard

A. Nesbit, director of research at Beck-
man Instruments Inc., recalls a govern-
ment circular that waxed rhapsodic over
the federal commitment of billions of
dollars to Rr&D. Included with the letter
was a syringe for sampling fecal matter,
and the suggestion that Beckman might
want to license the technology. “I
wondered if they spent billions to devel-
op that,” Nesbit recalls. “The contrast
was ludicrous.”

Even national accounting procedures
draw criticism from industry. A major
target is the 1974 ruling by the Financial
Accounting Standards Board that stipu-
lated that R&D spending could no longer
be treated as a balance sheet item, but
must be listed as a direct profit or loss
item in the year spent. R. E. McDonald,
president and chief operating officer at
Sperry Rand Corp., recently told an
executive management symposium, “The
ramifications of that rule change are
quite complex, but the net effect has
been to dry up a lot of potential venture
capital investments. . . . I can say quite
candidly that Univac would not be here
today if we had not had the advantage of
the old rule for so many years.”

The shortage of risk capital has had a
tremendous impact on small, technolo-
gy-oriented companies trying to arrange
new public financing. According to a
Commerce Dept. survey, 698 such com-
panies found $1.367 billion in public
financing in 1969. In 1975, only four such
companies were able to raise money
publicly, and their numbers rose to just
30 in 1977. Equally ominous is the expe-
rience at Union Carbide, which, accord-
ing to Tinsley, has not been able to
compete for venture capital and has thus
canceled plans to start a number of
small operations built around interest-
ing new technology. Years ago, says

P

Tinsley, Carbide was reasonably success-
ful at getting such funding. “And you
must remember that these ideas are
perishable,” he says. “They don't have
much shelf life.”

The Treasury Dept., in fact, has an
ongoing capital-formation task foree
that will be integrated into the policy
review under the direction of Deputy
Secretary Robert Carswell. Carswell
notes that “you can't draw a clear line”
between R&D support and investment in
general, but “if it turns out that we find
some form of capital formation gives the
economy & greater multiplier effect than
another form, we at the Treasury would
not shy away from whatever policy
would help most.”

Washington’s changing role

Even as it has pursued policies detri-
mental to industrial R&p, the federal
government has withdrawn as a major
initiator of innovation. Research man-
agers generally believe that companies
are better equipped than government to
bring new technology to society because
they are more attuned to market pull.
But Lawrence G. Franko of Georgetown
University, an international trade ex-
pert, recently pointed out to a congres-
sional committee that the U. 8. govern-
ment has in the past played an impor-
tant role “as a source of demand for new
products and processes, and as a
constant, forbearing customer in com-
puters, semiconductors, jet aircraft, nu-
clear-power generation, telecommunica-
tions, and even some pharmaceuticals
and chemicals. . . .”

According to the Defense Dept.'s
Davis, both Defense and NASA “have
faded” in this role, the result of the
Vietnam war and concerns over the mili-
tary-industrial complex. “The consumer
marketplace and other government
agencies have not been able to pick up
where DOD and NaSa left off,” she says.
“The Department of Energy should be
able to help with this, but it hasn’t yet.
And the Department of Transportation
just never blossomed in this role.” An
unreleased IRl study for the Energy
Dept. summed up industry’s views. The
company officers interviewed said gov-
ernment could spur industry's energy
R&D only by creating a national energy
policy, increasing its managerial compe-
tence, and offering financial incentives
rather than massive contracts.

On the other hand, there have been
some recent, notable government efforts
to spur the innovation process. “We've
talked to the leading semiconductor
companies about our hopes for their
innovation,” says Davis. She says that
the Defense Dept. expects to program
$100 million over the next five years for
industrial innovation in optical lithog-
raphy, fabrication techniques involving

RESEARCH



electron-beam technology, better chip *

designing and testing to meet military
specifications, and system architecture
and software implementation.

At the Transportation Dept., chief
scientist John J. Fearnsides wants to
involve the private sector much earlier
in the government's R&D process, there-
hy allowing industrial contractors to
develop technology alternatives instead
of having to cope with rigid specifica-
tions at the outset. Such a policy, some
believe, might have resulted in major
savings for the Bay Area Rapid Transit
system, for instance. “It is more expen-
sive to fund a wider range of choices, but
only at first,” says Fearnsides.

The NSF also has announced a new
industry-university grant program for
cooperative exploration of “fundamental
scientific questions.” The aim is to make
“a long-term contribution toward prod-
uct and/or process innovation.”

The failures of business

‘While agreeing on the need for federal
policies that bolster innovation, those
knowledgeable about industrial research
think that the companies themselves
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/ i&nhmhvuﬁnun
that, like more

has become increasingly
lm attrmlvo

vleo-pmmnl for research
G-mul Electric Co.

short-term business considerations.”
Another crmclsm has been of the

share some of the blame for

and must be willing to examine their
practices critically. Alfred Rappaport, a
professor of accounting and information
systems at Northwestern University's

graduate school of management, believes

that one reason the U. 8. lags in RaD is
that the incentive compensation systems
that corporate executives live under tend
to deter intelligent risk-taking. “Incen-
tive programs are almost invariably
accounting-numbers oriented and based
on short-term earnings results,” he says.
“That puts management emphasis on

d way in which comp: have
launched new R&D programs. In essence,
industry should try to learn how to weed
out bad ideas early on, say the detrae-
tors. To that end, Dexter Corp. has insti-
tuted an eight-factor “innovation index”
approach to research management that
weighs questions such as effectiveness of
communications, competitive factors,
and timing, and comes up with an “in-
novation potential” for new ideas. At
Continental Group Inc., D. Bruce Mer-
rifield, vice-president of technology, says
that “constraint analysis” of new ideas

conventional investments,

Turning to Japan
for venture capitaf

The recent drag in U. S. venture-capital
commitments has opened opportunities
for foreign companies to appropriate
American ideas. A case in point is the
experience of Systemn Industries Inc., a
Sunnyvale (Calif.) manufacturer of
minicomputer peripherals.

In 1969, System Industries went to
work on a new ink-jet printing process,
forming a subsidiary, Silonics Inc., to
develop and market it. By 1973, the
research phase was over, and a cash-
short System Industries went looking for
venture capital to tool up for production.
Unfortunately, none was there. With a
depressed stock market, and recent
increases in the maximum tax on capital
gains that cut the expected return on
such investments in half, the usual
capital sources “couldn’t justify

taking the same rigks they used to,” says
Edwin V.W. Zschau, the company’s
chairman and chief executive officer.
Keeping only 51%. Next, he explains, “we
were thinking about government fund-
ing. But we were discouraged from even
making a proposal when we learned the
government would get data rights and be
able to licgnse it to other people. We
didn't see why we should give away
those rights just to get a little money.”
What Zschau finally did give up was
49% of Silonics to Konishiroku Photo
Industry Co., the Tokyo-based maker of
Konica cameras.

In return, the Japanese company has
spent $5.5 million on Silonics, which is
enough to bring the new printer to
market at the National C Con-

now means that eight of 10 projects that
survive the review will generate cash
flow within two to four years. That
contrasts with accepted estimates that
only one in 50 ideas that come out of
research labs ever generates cash flow,
and not for seven to 10 years.

Large companies often fail to exploit
their own resources effectively. In the
1950s and 1960s, some companies set up
centralized research facilities, but many
cf these did not yield the hoped-for
synergism-in many cases, apparently,
because the different parts of the compa-
ny were in businesses too unrelated to
one another,

On the ather hand, Raytheon Co. was
highly suecessful in transferring its
microwave expertise to its newly ac-
quired Amana appliance subsidiary in
1967, resulting in the counter-top micro-
wave oven. That was done through a
new-products business group set up
specifically for such purposes. And more
recently, this group, headed by Vice-
President Palmer Derby, brought the
company’s microwave talent to bear on
its Caloric subsidiary’s product line,
resulting in a new, combination micro-
wave-electric range.

In such ways, industry can maximize
its potential for innovation in the most
adverse environment. But the future
health of the nation’s economy, many
experts believe, requires a much more
benign environment for industrial R&D
than has existed over the past decade.
And Jordan Baruch, the enthusiastic
leader of the multi-agency federal study,
believes that such an environment is
hkely to emerge as a result of the

ion’s concern.

ference in Anaheim, Calif., in mid-June.
“We have one of the most promising
imaging technologies for the 1980s”
Zschau now complains. “But we only
own 51% of it.”
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“We may have bitten off more than
we can chew,” notes Frank Press, “and it
may be that we can't get much done in a
year. But even if it. takes three or five or
10 years, I think it is historically ver)
important.”
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BUSINESS WEEK'S R&D SCOREBOARD: 1977

R&D SPENDING PATTERNS

The BUSINESS WEEK R&D Scoreboard for
1977 shows that companies surveyed
spent a combined total of more than $18
billion on RaD last year, a substantial
164% jump over their 1976 expendi-
tures. The numbers suggest that indus-
try is now taking a more purposeful
attitude toward new-product and process
development, but there are important
caveats to that conclusion,

N. Bruce Hannay, vice-president for
research and patents at Bell Telephone
Laborsatories Inc., says the results ndd
up “to just about what I
Noting that there is no way of tellmg
how the funding is divided between low-
and high-risk R&D, Hannay says, “the
spending indiecators are good, but they're
not great.”

million and R&D expenditures of at least
$1 million or 1% of sales, whichever is

ess.

Since 1976, the first year of the BuSI-
NESS WEEK survey, R&D costs reported on
10-K statements filed with the Securi-
ties & Exchange Commission presum-
ably have met a strict definition of such
expenses that has been adopted by the
Financial Accounting Standards Board.
1t is thus possible to compare R&D inten-
sity from company to company within an
industry, as well as to compare R4D
expenses among various industry groups
themselves.

In brief, the FASB defines R&D expenses
as those costs for all activities that lead
to new technical knowledge as well as to
the development of new products and

Indeed, after the board b
are adjusted for inflation, '.he increase
over 1976 shrinks to just above 10%.
Overall, Rab spending remained con-
stant in relation to sales, at 1.9%, and
edged up a bit as a percent of profit, to
84.6% last year from 33.9% in 1976.
Profits themselves rose 9.6%, off from
their 11.5% rise in 1976.

The 624 companies on the scoreboard
account for about 90% of all the private-
Jy funded RaD performed by all U. 8.

The standard specifically ex-
cludes a number of activities that often
were reported as R&D costs in the past.
The major exclusions are:

® Research performed under contract
for others, such as the federal govern-
ment. More than half of the total raD
performed by General Electnc Co., for
instance, is go

control, including product testing.

® Virtuslly all expenses associated with
computer programming, whether the
programming is by the manufacturer in
support of its products, or by computer
users. Thus, the rule will tend to under-
state the development costs of compa-
nies in data-processing services and
equipment industries, where software is
a significant portion of the new-product
development effort.

All leading 84D surveys, including
those of BUSINESS WEEK, Battelle Memo-
rial Institute, and one produced by the
National Science Foundation from Cen-
sus Bureau data, approach RaD expenses
differently. So, the surveys are not
comparable, although they may often
show the same trends.

How companies are grouped

For this year’s BUSINESS WEEK Score-
board, the criteria for inclusion of a
company were changed only slightly
from last year’s. Formerly the cutoff
was $35 million in annual sales, and the
must have spent at least $1

& All market research, often a large
expense item for consumer product
makers, such as Procter & Gamble Co.

companies. They include all
that reported sales in excess of $25

TRES iAW el

cost and “nor-
mnl" product improvement and quality

million on R&D regardless of that sum’s
relation to sales. The net effect of this
year's changes is to add a dozen or so
smaller companies to the list, particular-
ly in the electronics category.

In total dollars

{millions)
1. General Motors ........ $1,451
2. Ford Maotor .............1,170
3. International Business
Machines ............ 1,142
4, American Tefephone &
Telegraph .. . 8
5. General Electric . . 463

6. United Technologies

8. Eastman Kodak .

8. Chrysler ...

10. International Taluphone &
raph

In percentotulu

1. Systems Engineering
Laboratories ..

2. Data Geneval ....

8. Fairchild Camera &
instrument ............

. American Microsystems ..

4
5.
8. Hewleti-Packard .., . .
7. Upjohn ......... bereaa
8
9.
0.

. Advanced Micro Devices .
. John Fluke

mvm

Systems Englneering
i7 Laboratories
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FOR 600 COMPANIES

Changes were also made in industry
groupings. Automotive companies were
separated into two categories in recogni-
tion of the big differences between the
major vehicle builders and their sup-
pliers. Electronics companies were sepa-
rated from older companies still heavily
associated with electrical equipment and
components. At the same time, semicon-
ductor producers, with their heavy R&D
commitment, were isolated from the rest
of the electronics industry. Finally, the
makers of computers and peripherals
were separated from the makers of other
office equipment.

As in previous years, some very large
companies are notable by their absence.
In most cases, absence of a company
with annual sales in the hundreds of
millions of dollars means that it did not
report R&D expense in its most recent
10-K filing. Although the 10-K filings
are not always explicit, the implication
in such cases is that the company spent
less than 1% of its sales on R&D. Many of
the largest absentees, such as Mobil and
Tenneco, would fall under the fuels cate-
gory. Beatrice Foods and PepsiCo are
multibillion-dollar giants missing from
the food and beverage category. Interna-
tional Paper and Mead are missing from
paper, Armeo and Inland from steel, and
Levi Strauss and Geneseo from textiles
and apparel.

BUSXNESS WEEK prowdes the only com-

bre:

by -
down of R&D spendmg But the Census
Bureau, using confidential surveys, can
analyze how research dollars are divided
among baslc research, applied research,
and work. These
tial numbers are then combined on an
industry basis and published annually by
the NsF. The Census researchers caution
that the numbers thus reported are not
directly comparable with those eombed
from 10-K statements because of differ-
ences in procedure and definition.
BUSINESS WEEK, for instance, mcludes
R&D ding by foreign idi; and

reau internal study found that varia-
tions between data provided on 10-K
reports and their survey can run to as
much as 25% for a third of the compa-
nies covered.

Using the numbers

Now that the BUSINESS WEEK survey is
in ita third year, a number of individuals
and companies are making innovative
use of the numbers. Martin J. Cooper of
the NSF and Herbert S. Bennett of the
National Bureau of Standards, for
instance, have established to their satis-

faction a connection between job forma-
tion and r&D spending on the basis of the
BUSINESS WEEK survey. At the Food &
Drug Administration, researchers are
dissecting the survey’s resuits to see how
proposed drug reform legislation might
aﬁect !.he health of the drug industry.

stockbroker Ron J.

operauuns, while the Census Bureau
covers only domestic expenditures. Cen-
sus also includes engineering follow-on
expenses in its totals. As a result of
these differences, a recent Census Bu-

RESEARCH

Burger of Dean Witter Reynolds Inc. has
used the survey to develop a price/r&D
ratio (BW —~May 29). As he explainsit, a
company with 10 million shares out-
standing may spend $125 million on R&D,

or $12.50 per share. If the stock is selling
at $50 a share, its price/R&D ratio is 4.0,
meaning that the investor gets 25¢
worth of R&D each year for every dollar
he invests. According to Burger, any
company spending above 10¢ per inves-
tor dollar is worth considering. “More
and more investors are starting to take
note of the raD figure,” he says.

At General Electric, company re-

searchers are now using the survey
numbers to gauge their own R&D intensi-
ty—and relative effectiveness—against
that of competitors in various industries,
Over time, GE hopes to construct a hypo-
thetical company against which it can
measure itself, and thus find early warn-
ings of weakness or unsuspected
strengths in the marketplace.

This year’s survey once again reveals
the wide diversity of R&D commitment
among various industry groups, and
within industries themselves. Companies
listed in the fuels category spent a
composite 8.2% of profits on RaD, the
lowest of any group. The semiconductor
group topped all industries in commit~
ting a sum equivalent to 117% of profits
to R&D. The automotive group of seven
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1facturers spent more than
n RaD in 1977 to lead all
textile and apparel manu-
sined for only $29.2 mil-

ATTes

e viso mislead-

Abe of Jtomotive
.gure i ' sat Paul F.
mt i at

Cher
c

pment, and 10% is applied.

siry does almost no basic

And the textile group, like

categories in the survey, draws

neavily on the research done in other

industries. Says Frank X. Werber, vice-

president for RaD at J. P. Stevens & Co.:

“You could add hundreds of millions of

dollars when you think of the draw we

make on the RaD output of fiber and

chemieal manufacturers.”

Instrument makers, another industry
that draws on research in other areas,
such as semiconductor manufacture,

showed perhaps the widest swings in
relative R&D commitment within an
industry classification. Thus, Technicare
Corp. increased spending by 108% in
1977, while Bulova Watch Co. was off
7% . The differences can be explained by
the varying character of the instruments
produced by the many companies in the
group, but Richard A. Nesbit, director of
research at Beckman Instruments Inc.,
notes that the companies vary in relative
maturity as well as the uneven pace with
which eertain technologies are advanc-
ing within the classification as a whole.

Trend indicators

In containers, another group where
such wide variations are obvious, a
research director cautions against read-
ing too much into a downswing or rise.
“If & company is getting out of one
business and getting into another, the

rs orp. “Fifteen percent’
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Mdofoncive’ h

R&D budget can be affected ly,"
he says. In fact, a mature product,
supported by RaD for years, may be
thought fully developed by management,
and its R&D support slaghed. At the same
time, innovative new projects may be
coming on line, but need not be
supported in the heavy way a product
further down the development line must
be. Hence the importance of the num-
bers as trend indicators, rather than as
spot measures of relative R&D health

F and bev for

The appliance industry, he adds, *is
hustling to get microprocessors into
every product it can.” In fact, the
increasing technological competitiveness
in his business has helped to keep

healthy, says Cutler. Yet he
lists & number of factors that he must
deal with that are beyond his control.
Among them is the energy situation,
which has put a8 premium on organic
eoatmgs technalogy to supplant the
| finishes that require

instance, registered RAD spending gains
of 17.3% in 1976 and 15% this year,
somewhat shead of the all-industry
composite. According to Al 8. Clausi,
vice-president and director of technical
research at General Foods Corp., the
rise results from the “clear impact” of
such issues as ingredient testing on the
cost of R&D. He also notes that “conve-
nience alone is not enough” for consum-
ers, who now demand more naturalness
in food, as well as nutrition.

Glumly, Clausi reports that new prod-
ucts in his industry tend to be variations
on existing products, such as new flavors
or packing sizes. He points in contrast to
the 1960s, when really new food technol-
ogy produced instant soups and break-
fasts, a3 well as toaster products.

Still another hidden factor in examin-
ing the R&D figures is the extent to which
personnel costs are affecting budgets.
Personnel, agree many research man-
agers, are the greatest aingle source of
increased costs of doing RaD, and person-
nel expenses are now outstripping infla-
tion. “My budget is going up a little,”
reports W. Gale Cutler, director of
corporate research at Whirlpool Corp.
“But it is absolutely flat in terms of
people.” Like 2 number of his counter-
parts in industry, Cutler says also that
“we are and have been diverting people
from new products and processes” to do

hlgh temperatures for curing. The
resource crunch has also affected ap-
pliance makers, Cutler says, making
them search for substitutes, such as
aluminum for copper or polymeric mate-
rials for steel.

Sensitivity to downturns

But the heaviest pressure on his
research operation may have already
passed. “I think R&D in this industry is
healthier now,” says Cutler. “It’s shaken
out. You don’t see budgets going up, but
we're working much smarter than we
were five years

Still, industrial researchers warn that
this year's increase in R&D spending, a
brisker advance .han in the first two
years of the BUSINESS WEEK survey,
should not be taken as a sign that things
have turned around for them. A business
downturn, they say, will likely send their
budgets plummeting. The chemical in-
dustry, where profit increases fell from a
17.3% rate in 1976 to 6.8% this year,
“could be another steel industry in 10
years,” warns one manager. The exam-
ple is a dire one indeed. In 1976 the
ailing steel industry increased profits
and RaD expenditures by 20%. Last year
the steelmen’s profits fell by 15.6%, and
they increased their RaD budgets by Just.
0.1%, a net loss to inflation.

—

Sales 1977: Includes all sales and
other operating revenues.

Sales percent change from 1876
Change in sales from 1976, restated,
101977,

Sales percent average annual
change: Annuat change in sales, as
restated, over the last five years.
Protits 1977: Netincome before
extraordinary items or discontinued
operations.

Profits percent average annuat
change: Annuat change in netincome
befors extraordinary ems or discon-
tinued operations, as restated, over
the last five years.

RA&D expenses 1877: Dollars spent
on company-sponsofed research and
development for the year, as reported
1o the Securities & Exchange Com-
mission on Form 10-K. Excludes any

GLOSSARY

expenditures for R&D performed
under contract to others, such as U.S.
govemment agencies.

R&D percent change from 1976:
Change in R&D axponsas from 1976,
restated, to 1977.

RAD percent of sales: R&D expendi-
tures as percant of sales and other
operating revenues.

R&D percent of profits: R&D expen-
ditures as percent of hetincome
before extraordinary items and dis-
continued operations.

R&D dollars per employee: R&D
expenditures divided by the reported
number of company employees.
Employment percent average
annual change: Annual change in
number of employees, using restated
figures, over five years.

Data: Standard & Poor's Compustat Services Inc.  NA = Not available

and R&D expenses amounting to at

~

All rates of change are calcuiated

using a log linear least squares

method. A rate is indicated NA if the

rate for the first or last year is negative

of if the rates for two or more years in
series are hegative.

Data are for calendar 1977 except for
those companies reporting on a fiscal
year other than calendar basis, in
which case the most recent annual
data are used. Companies included in
the survey are limited to those report-
ing 1877 sales of $25 million or more

least $1 million or 1% of sales,
whichever is less. With the exception
of companies in telecommunications
with significant manufacturing or re-
search efforts, no regulated utilities or
transportation companies are in-
cluded in the survey.

_/
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lndunry composite 8963 10.9 6.5 a3 - 23 1244 h.! 14 L) U 16
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- Chrysler 16708 75 114 125 NA 20 270 1344 NA
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Federal Mogu! 489 "7 87 2 27 4s 75 0.9 163 340
Gleason Warks 100 164 57 7 NA as 0.4 35 479 120
Hayes-Albion 200 95 138 1 169 24 127 1.0 184 44
Irvin Industries 7 67 106 - NA 12 .4 17 1800 506
Maremont a8 21 a0 W "e 18 8 os 168 201 ¢
Raybestos-Manhatten 251 a1 98 ° 129 a4 25.0 14 482 782
Sealed Power 207 141 153 n 176 28 156 13 2.0 526
Sheller-Giobe 533 1.0 191 7 274 39 155 [X] n4 267
A.0.Smith 727 174 107 17 123 128 255 13 n3 848
Standard Products 152 a1 150 & 162 -8 12 201
Sun Electric 102 245 154 7 283 a1 40 505 1287
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COMPANY SALES PROFITS . DEVELOPMENT EXPENSE MENT

1977 |PERCENT|PERCENT| 1977 |PERCENT| 1977 - |PERCENT PERCENT
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oF FROM | ANNUAL oF ANNUAL OF FROM oF OF PER ANNUAL

DOLLARS | 1976 | CHANGE | DOLLARS | CHANGE | DOLLARS | 1976 SALES | PROFITS |EMPLOYEE | CHANGE

\A A DD R, AT
238 6 oa 1.0 (2] 155 241 20
B8trd & Son 277 17 129 18 08 105 475 8.1
e Cascade 2318 16 44 40 02 34 106 59
Cook Paint & Varnish 126 1 70 s as 4383 2338 16
De Soto EX1 14 1.5 122 a7 0.0 207¢ NA
GAF 943 27 Yy 120 13 45.1 840 NA
Guardsman Chemicate a9 2 227 18 as 1223 217 23
ides! Besic industries 35 35 85 18 05 48 418 03
283 15 173 12 o4 83 "r NA
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Pantasote 118 171 57 2 22 1.7 214 14 824 850 20
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Deta General 255 425 428 28 430 26.1 tr 102 912 3033 424
Datapoint 103 43.0 51.7 8 524 64 58.6 62 75.8 2325 426
Oetaproducts 115 355 185 12 511 74 831 (X ] 4.8 2394 NA
Dightal Equipment 1059 438 394 109 428 7 385 7.5 .5 218 27.0
Electronic Associstes 26 118 86 ° -65.1 09 564 34 eand 1262 75
Electronic Memories & Magnetics 109 19.0 RE] 5" 105 [X] 450 [X] 1453 . 1888 138
General Automation 84 10.4 244 ‘1 NA 5.1 71 61 353.9 2584 24.8
Honeywsll 291 16.7 83 134 126 1523 23 52 1134 2009 2.4
LU 18133 112 133 2719 145 1420 128 83 420 3882 2.0
Momotex ) 450 06 262 2 Na 192 378 43 504 278 12
Nohawk Dats Sciences 146 87 0.0 3 NA - B 163 35 1914 1265 NA
NCcR 2522 9.0 85 184 152 1181 253 a7 82.2 1848 56
Pertec Computar 95 96.9 405 s 22 3 3 r 1560 3487 268
Sperry Rand 3270 21 102 157 160 - 1683 59 - 81 1013 1985 0.8
Storage Tachnology 162 333 28.0 1" 256 22 17.0 58 80.1 2206 201
Systems Enginoering Labs. 31 538 158 1 NA a7 4.0 121 £50.4 7 19
ol "2 103 125 3 NA 238 311 25 882 891 .5
Wang Laborstories - 134 287 284 9 256 6.6 536 49 s 2047 NA
Industry compasits 33764 125 129 3700 155 19854 163 50 [ 782 1.0
|
Sk oon ) e paie e s e
Avco 1538 143 67 100 403 134 9.6 09 134 558 NA
Chromalloy American 1135 211 129 38 10.4 36 384 03 0.8 134 NA
Colt Industries 1525 134 120 6 165 177 142 12 284 574 NA
Greyhound 3841 1.0 26 83 19 120 07 [¥] 153 244 4.5
1C Industries 1873 109 11 78 72 87 82 0s Ha 203 1.7
L 13146 15 5.8 562 1.8 2600 138 24 48 800 NA
Walter Kidde 1475 196 97 57 108 19 203 08 21.0 260 23
v 4703 57 21 23 NA 191 349 04 €18 383 57
Utton Industries 3441 26 a8 56 -2.4 888 21.0 20 1227 730 -2.6
‘Martin Maristta 1440 18.7 47 102 122 6.0 200 04 59 238 51
Signa 2964 209 203 102 18.2 136 358 8 120 2485 o7
Studebaker-Worthington 1272 8.5 15,5 69 430 %7 na 15 28.7 843 0.9
Toledyne 2210 140 103 . 194 a7 289 15 13 1.9 583 1.9
Textron 2802 6.7 109 137 8.0 819 148 22 452 67 02
Industry composite 43365 102 75 1624 10.9 8658 178 15 410 732 2
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R&D SPENDING: 1977 L e

: RESEARCH & EMPLOY-
.{ COMPANY SALES .| PROFITS “] DEVELOPMENT EXPENSE MENT
’ 1977 | PERCENT PERCENT 1977 J PERCENT. 1577 | PERCENT -] } PERCENT
MILLIONS CHANGE AVERAGE MILLION:

szmé WILLIONS CHANGE PERCENT, RNCﬁT» DOLLARS | AVERAGE
OF FROM | ANNUAL  OF AMNUAL:  OF l FROM OF
§ 1976 CHMGE‘ DOLLAHSI CHANGE, DOLLARS 1876

OF PER ANNUAL §
BALES | PROFITS; EMPLOYEE  CHANGE

Anierican Can 2442 15.1 83 100 106 5 17 11 238 748 35
Anchor Hocking 641 20 187 30 158 73 123 1.1 243 435 37
Ball - 418 129 183 16 206 a7 10.1 14 302 870 NA
Continental Group 3661 59 28 4 89 377 5 1.0 655 28
Waryland Cup a7 207 182 R 169 20 " 05 14 88
Qwens lllinols 2767 76 104 o1 87 N2 2.1 1.1 34 460 02
Rexham . 11 21 85 . 6 218 14 318 1.0 105 531 38

11 202 Eid) 33

Industry composite 11445 9.4 100 43 10.0 1205 -78

Abbott Laboratories . 1245 148 190 18 271 667 19 54 568 2554 62
Allergan Phérmaceuticals 52 182 27.0 7 61.5 3.6 203 70 w7 3284 126
Amsrican Home Products 2685 86 106 306 13 859 9.6 28 215 1345 23
American Hospliat Supply 1488 108 152 78 187 s 308 15 292 L1 68
Ametican Sterilizer 150 -0.6 13 . .7 47 168 31 131 1419 22
Baxter Travenol Laborstories 844 219 235 5 8.3 374 9.0 44 494 1242 157
Becton Dickinson . 596 144 140 7 17.5 26.0 257 44 55.9 1468 2
Cooper Laboratories " 123 122 1" NA 5.0 422 45 419 1923 NA
Hyeel 42 16.8 270 2 746 27 224 [X] 1391 7 NA
ICN Pharmaceuticals 84 4.5 -5.1 -1 NA 18 -396 21 -2025 718 -16.4
Johnson & Johnson 2914 155 156 247 134 1318 171 a5 833 217 84
£l Lty 1518 18 e 219 8.0 1248 93 82 sr.0 . 5238 0.1
Maflinckrodt - 33 128 17.0 27 . 26 19 248 3.5 407 2562 (X
WMarion Laboratories 100 239 129 " 23 89 | 220 59 854 3450 NA |
Merck 1724 105 17 278 10.8 144.9 8.3 84 52.2 5157 25 1
Plizer 2032 77 ne 175 87 [ X 18 48 86.0 2445 NA G
Richardson-Merrel! 836 121 135 tos7 6.5 3.9 ‘88 At 59.2 2258 18 !
A K. Robins 307 7.6 138 27 - 08 161 285 53 80.1 2029 6.0 }
Rorer Group 186 100 145 2 83 5.2 4.1 28 249 1418 NA
Schering-Piough 941 8.0 14 187 12.2 588 87 62 5.4 3428 55 |
G.0. Searle . 750 13.5 14.5 35 -10.0 526 18 10 1485 2807 NA :
$mithkilne 780 158 4.9 89 135 618 128 7.9 0.2 4062 58
Squibb . 1342 10.5 109 13 8.9 $4.5 08 4 484 1857 15 i
Sterling Drug 1184 8.0 79 86 21 o 78 83 455 1427 1.2
Vpjohn . 1134 10.6 148 92 12 1023 105 0.0 1.7 5431 79 :
Warner-Lambaert ‘ 2543 8.2 1.0 188 59 80.7 23 32 43.0 1362 03 X
industry composits 26902 © 112 12.9 2477 104 . 12574 [X) KX) 508 s 42

Bunker Ramo A 78 3.3 10 287 48 333 14 464 495 45
Crouse-Hinds 284 148 271 19 %9 38 78 13 203 472 195
Cutlsr-Hammer 517 155 10.6 24 0.7 71 188 33 na2 140 NA
Echiin Mig. 239 164 136 16 17.5 18 472 or 100 2rn A
Electronics Corp. of America 33 2.1 at 3 1.7 14 9.8 42 810 1588
Ers - 922 129 7.3 4 7.0 155 192 17 388 710
Emecson Elactric 1809 189 123 142 13.6 370 194 20 260 863
Federal Signat 81 227 7.8 3 12.0 10 358 13 30.5 408
General Eisctric 17518 116 9.3 1088. 13.6 4838 126 28 @8 1207
Globe-Union 392 354 110 23 3.3 8.7 226 18 248 611
Gould . 1620 322 236 04 . 50.6 71 37 636 1604
Joslyn Mig. & Supply 166 107 0.1 5 8.7 15 193 [ X] nr 500
Ughtolier 70 155 5.2 1 1.5 22 10.8 3.1 1812 1128

[ 34 13.0 310

8.0 81.5 3500 :

30 1185 " 3
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PERCENT; 1977 |PERCENT; W17
AVERAGE | MILLIONS | AVERAGE | MILLIONS
ANNUAL [ ©OF | ANNUAL OF
CHANGE | BOLLARS | CHANGE | DOLLARS

T

102

CPC intornationsl
Campbel Soup'

Camation
Comrsd Soya

Electro Audio Dynemics 58 195
E - R 258
* Generat Cable 821 77
. . s 258
ftine 0 % - 74
High Voltags Enginesring a7 204
Radio . 58 202
Lear Siegler . - 920 225’
o7 433 <
Lynch Communication Systems 25 69
Com 66 0.0
P.R.Mallory 7 © R TU R 1Y)
Oskindustries ¢ ., 51 48
By 2018 144
Senders Assoclates 4718 YN s
“Scientific-Atianta . 81 125 .ns u10 - 162
Tacor ;- 156 C 15 " Te1s
Unitrode . 39
Varian Associstes 352
EER T LT .
Vernitron . 304 125 . «
Watkins-Johraon 90, 251 123
Whitakes Cable s 132 1.7
Industry composite 9877 179 109 483

047 1S s

258
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RESEARCH &
COMPANY SALES PROFITS DEVELOPMENT EXPENSE
1977 | PERCENT| PERCENT| 1977 |PERCENT| 1977 |PERCENT]
WILLIONS' CHANGE | AVERAGE | MILLIONS | AVERAGE | MILLIONS| CHANGE | PERCENT | PERCENT | DOLLARS
OF FROM | ANNUAL oF ANNUAL OF FROM OF of PER
DOLLARS; 1976 | CHANGE | DOLLARS | CHANGE | DOLLARS| 7876 | SALES | PROFITS | EMPLOYEE
Coca-Cota 3560 15.0 129 326 +158 "4 208 03 34 NA
Congotidated Foods 2092 50 9.0 [ 3.9 7.0 178 . 02 .0 1.8
DeKalb AgResearch 384 63 193 a %1 .7 n2 23 ns NA
Del Monte 1484 a7 129 51 1”7 1ne "y o7 ne 21
Esmark . 5250 0.4 7.4 67 .88 4 02 %o NA
Genersl 4910 2024 15.0 177 A9.9 nr 1.0 1 0.1
Genera! Milis 2909 10.0 18.0 "7 154 09 ] 18 s 105
Gerber Products 405 | 88 w07 2 154 8 na o Y 81
Grown Glant 426 e 100 1" 53 28 Tnr .ee ‘B4 63
H. J. Heinz 1869 (23 138 84 4 T84 -9 os 12 NA
Herahey Foods 671 115 1.0 k] . 2y 208 o4 75 33
Holly Sugar 178 A8t 204 a2 18 3. 0 0 NA
Geo. A. Hormet 1106 1.0 7.8 22 22 NA 02 (2] 0.9
Multifoods 847 58 107 20 183 . 48 02 20 28
1833 107 128 138 222 17 27 0.8 [ 23
Kraft 5239 53 89 154 123 180 n1 o3 104 3 0.9
Oscar Mayer 1188 4.9 7.7 35 164 88 518 [.X] 169 408 1.8
WcCormick 355 169 173 .18 173 17 ne (X3 "e e 7.8
Nabisco 2073 5.0 7 104 24.0 23 0.0 04 90 an? NA
Norton Stmon 1808 29 9.2 102 127 . e (Y3 82 m NA
Pat 1084 53 8.2 2r 58 10 0.0 [ 3] 37 “s 3.2
Plilsbury 1461 31 188 s6 248 143 388 10 nr 384 NA
Quaker Oats 1551 53 14 88 131 183 .7 12 88 L id 7.7
Ralston Purina 3756 107 102 143 168 176 73 05 123 263 ne
Jos. Schiltx Brewing 937 63 a1 20 -18.0 14 [ 3 02 8.9 NA
A.E. Staley Mfg. 117 383 n7 24 374 43 21 04 196 139 22
Standard Brands 214 174 106 89 21 82 8.7 04 120 387 0.2
Toppa Chewing Gum 85 -3 1m9 1 -8 08 Mo 15 e 47 18
Universal Foods 194 23 148 9 a8 19 NA 1.0 21t 1000 2.5
‘Wm. Wrigley Jr. 398 15 14.9 29 14.0 16 =198 04 84 08 4.3
Industry composite 66375 1.9 0.5 2606 106 a4 180 o5 134 363 24
b
e .
Ashland O)f 4786 155 203 164 174 8.5" 53 0.1 34 172 NA
Atiantic Richtisid 10969 28.0 232 702 234 a4 76 04 85 s 93
Clties Service 4388 107 20.7 210 9.9 100 38 b2 48 853 26
Continentel Off 8700 23 17.0 381 158 74 186 os 12 84 29
Exxon 54126 48 156 2423 1.8 2300 3.9 04 5 1, 24
Gulf Ol 17840 84 162 752 2.8 70,0 94 04 23 179 30
Kerr-McGos 2165 10.7 273 19 1838 48 8.5 02 39 407 51
Marathon Ol 4252 210 228 197 0.3 127 134 [ [ [ ] 125 t
Occidental Patroleum 6018 8.7 14.8 218 8.9 »ny -102 o5 124 12 08 l
;  Philips Petroleum 6284 103 178 517 17.0 485 208 o8 94 709 48 i
8. Jog Minerals 791 0.0 151 68 84 16 174 (33 83 421 NA
Shel OI 10112 86 17.9 735 18.7 9.0 34 0.9 124 7 0.4 I
Standard O Co. of Call. 20017 78 222 1016 20 s 9.4 04 82 2178 14
Standard Ol (tnd.) 13020 4.1 17.9 1012 128 ™y 08 (X3 73 1879 0.2
Standard Off {Ohlo} 3511 206 224 181 20.6 nry 18 03 (1 820 17
Sun 6418 19.1 273 62 8.8 00 20 04 4 M 48
Superior OU 54 25 209 83 6.4 38 181 o7 1014 38
Texaco 56 212 931 -10.9 520 0.0 02 5.6 738 14
Tosco 258 5.2 13 7.1 19 a1 02 154 820 NA
Unlon Oll Co. of Callfornia 23 163 34 125 17 0.8 03 8.1 1635 NA
Wilco Chemical " 1.5 25 8.4 9.2 138 15 373 1793 12
Industry composite 86 187 10421 4.1 8534 129 04 [X] 1228 18
Ametek 299 239 8.9 17 16.3 a8 a4 16 ne 780 1.0
Anken industries 27 92 16.7 2 29.5 os 141 18 328 829 43
Badger Meter 54 6.9 9.2 3 9.7 1.1 -33 21 384 867 °0
C.R. Bard 168 2.0 123 10 73 27 174 18 281 738 B
Bausch & Lomb 37 83 1.7 25 206 18 a4 31 485 1077
Beckman instruments 2¢¢ 17.9 14.5 16 28.0 224 259 78 1387 2803
Bell & Howell 162 12.4 1.8 12 52 252 158 [3] 2135 1951
Bufova Watch v0e 14 28 4 KA 18 7.0 08 -28.9 wm -
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R&D SPENDING: 1977 1

. . RESEARCH & EMPLOY-S
COMPANY SALES PROFITS DEVELOPMENT EXPEMSE | MENT

1977 | PERCENT PERI " J PERCENT, FERBE . v -4 PERCENT

MILLIONG CHANGE: AVE MILLION AVERABE IILI.ImI DOLLARS | AVERAGE

OF FROM | ANNUAL!  OF AllllUAL OF l (IF PER ANNUAL

DOLLARY 1976 ONAIIGEI DOLLARS) CHANGE| i BOLLAR mms Ml CHANGE
Dentsply intsrnationat 189 384 ny [ 23 4! 7 d 155
Esteriine 127 274 78 3 173 u uz m NA
Fscher 3 Porter 133 12 1.6 4 31.0 u m 49 1s8 1457 38
Fisher Sclentific 268 190 163 ® 476 20 L] w0 94 49
John Fluke Mtg. ™ 23 28 A 272 84 129 (X 1207 un NA
Faxboro 89 128 207 32 475 24 284 58 7.5 nrs NA
aca 52 270 93 2 29 2.5 32 as 1use NA N
General Signal 876 9.7 125 48 173 us 15 23 811 1222 08
Hewlett-Packard 360 223 182 122 139 1254 188 92 1082 378 91
Philip A. Hum Chemicsls 74 a1 87 s ? ] 22 52 8.0 3854 21
tnstron 29 18.9 a8 1 23 “w2 7.9 2498 3064 &2
fak 223 &9 23 3 13 70 3 20285 1221 59
Johnson Controts s 154 108 2 15 248 314 040 4s
Kolimorgen o7 V72 8.0 s 20 77 538 12 a8
Leads & Northrup %2 - 138 108 H &7 120 184 1356 07
Measurex [ 227 214 5 42 s T8.8 294
Narco Sclentific industries 79 155 64 F 8 4.0 , 842 1663 NA
National Patert Development 55 08 381 ° 24 788 i1 1804 NA
, Perkin-Elmer a2 218 141 P 07 25 00 22 70
Puritan-Bennett 8 60 104 5 23 135 “s a? 29
Ranco . 128 195 55 7 ¥ 28 453 378 51 NA
Robertshaw Controls 269 89 97 9 ¥ 63 120 722 506 16
Sytron 85 14 o1 27 5 02 2 703 1203 NA
Systron-Donner 56 73 6.2 2 ¥ 28 T4 1644 1490 Y3
Tatley industries an 7.0 7.2 12 7.2 3.2 0.4 278 321 0.5
hnicare 164 755 523 15 %5 120 1004 08.5 4018 a7
Tachnicon 240 66 181 2 168 107 184 68 4170 NA
Taitronix 455 241 214 a“ 255 387 30.1 7.9 2641 103
Veaco Instruments s 207 o7 5 7 17 161 %62 NA NA
Indusiry composite 9302 a8 131 530 177 4385 96 0% 1782 63

Clark Equipment

Crutcher Resources
ero

FMC

Hesston

Koehring

Portec

77 industry composite

" o203

B TIRT A

Coleco Industries
Coleman 287 23
Eastman Kodek 5867 15
Executive industries 58 68
wood Enterprises 566 1.7
Mattel a7 NA
Mego International &7 NA
Milion Bradiey 198 26
Murray Ohio Mg, 213 43
Noriin 239 0.8
Outboard Marine 830 NA
Polsroid 1062 a8
Tonka 89 15
Wurlitzer 8 6.1
induitry composite 12471 1.2
I “\Fie ! 3 ; ZE o "
Allis-Chalmers 1538 0.7
American Hoist & Derrick 267 15
Bucyrus-Erie 547 113
= 58 N
Caterpitlar Tractor 5849 43
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R&D SPENDING: 1977,

. i . RESEARCH & ’ EMPLQOY-
COMPANY . BALES -| pROFITS *  OEVELOPMENT EXRENSE MENT
. 1977 '|PERCENTIPERCENT| 1977 (PERCENT| 977 |PERCENT| PERCENT
. MYLLIONS | CHANGE [ AVERAGE | MILLIONS | AVERAGE | MILLIONS | CHANGE | PERCENT | PERCENT | DOLLARS | AVERAGE
- OF | FROM § ANNUAL OF ANNUAL OF FROM OF OF PEA ANNUAL
OOLLARS| 1976 | CHANGE | DOLLARS'| CHANGE | DOLLARS | 1976 SALES | PROFITS |EMPLOYEE
ATO 568 926 64 12 27 12 581 304 P
Acme-Clevetand 218 124 128 17.5 10 443 388 13
American Alz Filler 56 5.0 154 9 9.9 123 384 622 NA
Ansul . 2 12 45 3 17 13 @y . e 04
64 1“7 77 6 s 1.8 174 2 22
Black & Decker Mig. 812 X3 155 52 84 1.9 296 [ a3
Stratton asg 189 85 33 482 o8 27 407 ‘o8
Brown & Sharpe Mip. 100 18.0 55 4 22 27 73 40 NA
Chemineer 40 28.4 Na 2 @9 11 w7 397 Na
Chicago Prieumstic Toot 302 1 a3 7 44 29 L] 85y N
Cincinnat) Milacron 532 188 74 21 bold 28 T4 14y s
Clavaing 27 358 46 2 281 AR 1% -4
Combustion Enginesring 2045 1y 47 67 14 14 Q2 848 57
Condec 223 3.1 87 [ 198 11 293 499 32
Coopar industries 679 224 196 54 333 03 37 148 53
Crompton & Knowies 19 2438 1.6 5 748 19 (Y] 1208 a0
Curtiss-Wright a0 956 [X] 16 1.0 [13 102 %3 59
Oynamics Corp. of America 120 121 124 s . a2 08 202 484 27
Emhart 1199 84 553 59 $ . 113 20 406 739 267
Envirotect 459 13 292 17 333 24 24 ney Na
447 73 6.7 29 .- 138 X B 318 ™ -1.8
1189 12.0 17.9 27 233 0.6 ny 396 Na
502 133 139 24 8.2 14 301 NA
150 28.7 189 8 108 12 211 a2 28
174 187 277 16 ns 0.9 2.3 487 138
AT1 6.1 24.1 22 5 245 a7 58.1 1549 "y
478 11 100 25 X s 1.3 289 492 4.0
21 13 100 16.3 118 . .4 45 28 498 124 NA
29 187 18.0 2 - 249 a2 603 1876 "7
678 7.5 211 a8 285 1.4 153 571 70
89 ne 6.9 5 .2 25 384 1085 05
64 23 a7 1 83 19 110, 877 NA
101 -4.9 1.7 2 “11.0 43 2229 1388 222
25 105 137 74 14 838 Na
178 12 7.1 5 -38 05 200 221 03
an 133 12,6 25 NA 0.9 ALY 424 07
56 7.7 107 1 268 as 1391 1221 a3
138 319 103 9 308 .9 205 814 s
67 192 209 8 153 27 220 1040 83
503 235 95 28 1851 20 384 705 &
an 18.6 17.3 186 wa 05 1.2 m NA
41 244 25 6 304 31 218 1165 NA
37 25 149 8 170 18 484 1672 59
744 17.2 98 44 211 10 188 447 NA
243 15.5 19.2 7 -259 08 264 530 56
25 15 25 1 a1 13 223 528 27
- 51 -15.9 247 o ot 14 579 1244 37
Stewart-Warner 292 65 42 19 1.0 28 426 NA Na ;
Sundstrand 650 92 141 s 73 a5 [ 1504 12 i
Torin 73 258 131 3 190 34 972 1201 52 ¢
Twio Dtsc 116 50 113 7 4 20 308 823 20
. S. Fittar 424 183 28.0 1 123 08 197 4855 124 E
Warner & Swasey 262 a2 4.6 12 a7 ’
Wheelabrator 482 334 170 23 Na
20576 e 148 &7 s
oy ol RO i g i~ Ty o
MEZALS IEMVIINING SN k .
Aluminum Co. of America 3417 166 103
1338 143 68
Asarco 1046 5.3 -24
Brush Watiman 101 a7 58
Cyprus Min 327 64 -4.2 5
Gult Resources & Chamical 306 19 203 s
Harsc 683 151 13.2 a3
Kaisor Aluminum & Chemicals 2150 177 119 112

: . . g L B
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R&D SPENDING: 1877 i~ EM;iLEﬂv*
COMPANY  SALES PROFITS DEVELOPMENT EXPENSE | MENT RE

1977 |PERCENT|PERCENT | 1977 | PERCENT| 1977 T . PERCENT
MILLIONS | CHANGE JAVERAGE ;MILLIONS | AVERAGE | MILLIONS | CHANGE { PERCENT | PERCENY | DOLLARS | .AVERAGE
. OF FROM | ANNUAL OF ANNUAL OF FROM [ OF PER ANNUAL
DOLLARS | 1976 | CHANGE | DOLLARS | CHANGE | DOLLARS { 1976 SALES | PROFITS [EMPLOYEE | CHANGE
Kennametal 165 208 127 15 &5 a7 29 28 301 1148 57 .
Kennecott Copper 925 32 37 0 599 138 159 15 423 798 NA H
R Revere Coppar & Brass 598 199 a6 10 51 14 -185 02 125 176 35
Raynolds Metals v 2383 129 10.7 86 23 40 ‘1.0 70 658 a2
Tiangle industries 209 146 18 -4 19 83 [ X)] “9.1 059 NA
13666 18 74 520 ezt ) 10 A 74T Y

Braun Engineering a ' 173 3 1.0 13 238 27 504 nn 0.6
Butier MIg. st . 95 19 36 30 129 o8 161 675 o5
Carrier 1310 97 57 221 29 130 23 623 1196 Na
Cotec 43 . 123 1 242 1.5 34 a4 1838 1831 03
Compugraphic 130 280 10 28.1 7 287 28 381 1308 16.0
Congoleum 75 12 5 187 1 214 13 20.5 506 NA
Conroy s ) 72 3 29 08 438 12 29 ag NA
Copeland 210 71 15 143 29 549 1.1 18.7 .87 2.5
Corning Glass Works 1120 . 22 o 1"s 548 122 a9 59.5 1809 £3
Dayco 573 89 14 131 76 15.5 13 86.4 853 0.4
Fedders 324 X RYY 12 NA 3.5 -1.3 11 266 677 NA
General Dynamics 2901 150 103 304 M2 422 1.2 3.4 a7 39
Ganeral Refrectories 244 . 88 K NA 43 9.0 12 7.9 534 24
Hillenbeand Industries 150 y 19 13 54 14 29 09 10.1 402 74 H
Moudallie industries 386 2 53 27 129 66 158 17 244 857 22 }
linols Tool Works 293 166 76 27 58 48 17 16 72 829 06
Kroshler Mig. 153 24 42 4 NA 2.1 77 14 510 a2 Na
Mark Controls 100 457 187 [ 1124 10 96.0 1.0 130 226 10.7
Marley 243 59 251 19 405 15 234 08 7.8 379 128
Minnesota Mining & Mrg. 2980 133 13 413 77 770 124 4 @29 2178 17
Mohasco 653 a5 61 1 42 58 128 09 538 u2 08
Monogram industries 196 169 13 10 70 10 328 05 1.0 2680 66
Nationak-Standard 269 211 8.7 12 99 a1 22 15 351 029 16
Norris Industries 570 bres 77 2 253 23 843 04 56 EY NA
Norton 843 131 1.0 41 96 102 170 12 246 450 1.0
P & F Intustries 37 4 A 3 NA 13 768 18 -17.2 1649 NA
Parker Pen 348 1476 346 12 246 20 -0.6 08 157 343 6.9
Plant Industries 51 29 112 o NA 07 109 12 2208 584 NA
Ptymouth Rubber 52 a7 RX 2 NA 08 208 12 270 671 3.9
Potychrome 89 197 173 3 07 12 128 14 04 . 815 142
Premier Industriat . 177 "7 83 14 14.4 13 148 0.7 2.7 536 4.8
Raymond Industries 20 380 97 2 173 04 592 13 212 437 29 :
Richardson 151 8s a7 6 30 27 185 18 457 1108 a5 3
Rogers 58 144 69 2 24 1.8 13.0 28 7.8 78 27 :
Rubbermald 226 28 171 7 212 3.0 161 13 175 768 re)
SPS Technologies 178 109 07 2 NA 21 54 12 812 a1 25
Signods 498 118 87 30 69 48 213 1.0 159 738
S 154 3.1 12 4 228 26 108 16 s 574
Snap-On Tools 254 199 189 22 169 23 166 09 105 s
Stanadyne 291 261 75 15 59 17 47 06 14 209
§40 130 95 33 167 50 193 08 152 316
L 5. Starrett 67 144 129 s 45 08 2.9 12 129 374
Tecumseh Products 650 134 as 29 78 $2 227 [ 133 452
Tokhelm 73 a6 172 Py 966 19 79 25 g 1248
ne 488 13 103 25 18.0 9.0 8.2 1.9 362 853
UMC Indusiries 219 sa 20 10 .04 15 281 07 152 204
vsl 174 15,1 9.8 10 73 12 214 07 18 328
Vermont American 138 304 259 9 305 19 407 14 197 536
511 202 89 40 138 22 18 04 54 e
51 228 214 3 5.8 o8 332 18 28.1 [
28199 138 EX) 1861 12 540.5 LX) 19 200 2
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R&D SPENDING: 1877

: oY RESEARCH & . EMPLOY-

COMPANV salEs . .| PROFITS /. DEVELOPMENT EXPENSE MENT
. . ud mu::n‘( PERCENT 1877 | PER W77 | PERCENT PERCENT
MILLIONS CHANGE AVERAGE MILLIONY AVE! MILLIDNG CHANGE PER P DULLARS .  AVERAGE

OF FRI”I ANNUALE  OF ANMUAL] OF FROM OF OF . PEA ’ ANNUAL
DOLLARS 1976 | CHANGE| DOLLARS; CHANGE| BOLLARS 1976 SALES mHTSi £ CHANGE
oy

Addressograph-sultigreph 596 a1 4. 4 [T] 344 248 40

Barry it 58 22 9 3 29 828 504 04

A, B.Dick 329 72 9.0 7 138 292 889 28

202 800 18.0 s 23 521 720 0.

. 19 58 1.8 s ar 61.0 20 788 7485 “8

Dymo Industries 210 L2 125 5 .5 n 1378 1188 0.2

Nashue a1 154 142 15 8.8 70 18 428 w72 33

Pitney-Bowes 606 124 1.6 ar 20 ns 16
Gavin Business Machines 122 1079 28.4 1t 6.2 T 09 102 817
Standard Register 190 123 7.8 9 65 28 43 14 290 860
Xeorox 5077 149 144 407 82 2699 191 53 862 258
industry compostte 3000 144 1ne 490 (X N 200 0 &7  res

Sedco
Smith International :
Whitehall 29 161 1.0 1 34 [ 23 8.0 18

Industry composie

Bamis . . 17 17 09

Consolidated Papers 333 134 185 26 149 22 132 o7

Crown Zeflerbach 2318 6.5 123 109 -8 100 a7 o4

Dennison Mig. 3s6 194 134 19 167 78 a7 21

P.H. Gistielter 108 102 157 135 32 11 143 1.0

Hammermill Paper 787 14 " 20 22 18 67 02

Kimberly-Clark . 1725 88 9.0 121 149 01 8.0 13

1. Regis Paper 1996 "0 10 107 75 84 18 04

Scott Paper 1520 107 127 62 24 59 62 . 41,7 1217 11

Sorg Paper 54 1.1 64 0 NA [1] 1ns 1 2530 972 -te

Westvaco 1001 85 ) 62 6.2 85 <4 o8 137 534 v
Industry composite 10835 99 108 865 62 s 2 00 107 562 -05

RERSDNAISEHOMELH

Alberto-Culver 150 4.1

598
Avon Products 1648 14.9 577
Biock Drug 127 6.3 1228
Bristol-Myers . 2181 103 2602
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EXECUTIVE SUMMARY

The U.S. International Trade Commission, the U.S. Department of Commerce,
and the U.S. Department of Labor collaborated to study the economic effects
related to United States transfers of technology abroad. This study was
mandated by Section 119 of the Export Administration Amendments of 1977
(Public Law 95-52, approved June 22, 1977). The results of the study are
contained in this report. The report outlines the economic issues related to
studies of technology transfers and their impacts.

Although not enough evidence was found to estimate the impact of
technology transfers on U.S. trade, production and employment, several
important conclusions were reached:

* There is evidence that the United States is losing its
competitive position (as measured by market shares) in
international markets for several products that have been
characterized as technologically intensive.

% There is some evidence that high technology content is
important to the competitiveness of products in
international markets, but the evidence is not overwhelming.

% There 1s no conclusive evidence that U.S. exports of
technology are hurting or helping the competitive
position or the overall economic position of the United
States. However, certain domestic employees and firms, and
their communities may experience dislocation costs when
technology is transferred abroad.

* It is very difficult to estimate the economic impacts of
U.S. technology transfers on the U.S. economy.

- There is considerable ambiguity as to the meanings
of the concepts of technology, technological change
and technology transfer.

- No good measurements of technology, technological
change and technology transfer now exist. Their
absence, especially for technology transfers,
presents a very great hindrance to the analysis of
transfer effects.

- Relevant data on the prices and quantities of prod-
ucts and factors of production do not exist in
sufficiently disaggregated form, or where they do
exist, their availability is limited. These data
could aid in obtaining better estimates of the
impact of technology transfers.
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- In any estimate of the impact of technology trans-
fer, the problem always exists of hypothesizing
what would have happened had the technology transfer
not occurred.

The most common measurements used to judge the technological
levels of industries are of questionable value. The necessary
use of proxies as indicators of the technological level of an
industry results in only the broadest characterizations, limit-
ing the significance of inter-industry comparisons. Inter-
country comparisons of industries generally are not available
owing to a lack of comparable data from other countries.

There are many channels for technglogy transfers abroad,

such as through product exports, 4icensing, scientific
publications, and international meetings. Direct investment
abroad is one of the most important channels for U.S.
technology transfers. Therefore, tax and other regulations on
foreign investment are especially important to technology
transfer.

Government policies in the technology-exporting and technology-
importing countries affect the total amount of technology trans-
fers and the methods by which these transfers are made. For
example, higher taxes or more strict regulations that slow
transfers through one channel of technology transfer may result
in increased transfers through other channels.

There are severe shortcomings in our current measures of
technology transfer. Areas in which improvements might

be made are indicated below. This list is only suggestive
and should be considered by the Subcommittee on Technology
Transfer of the Interagency Committee on Internatiomal
Investment Statistics.

- Data collection on current sales and purchase of
technology. Present fee and royalty data are for
receipts and payments for the stock of all past
technology transfers, and hence do not tell us the
relative size of current technology inflows and
outflows.

- Data collection on products involved and the
quantity of foreign production when technology is
licensed to a non-affiliated foreign recipient.
These data would be necessary in order to relate
transfers of technology to non-affiliated
foreigners with the possible impact on U.S. trade.
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Data collection on transfers of proprietary tech-
nology not paid for by fees or royalties. Examples

of such transfers would include techmology sold in
exchange for equity in the receiving firms, technology
traded in exchange for other technology, technology
transferred to affiliates with no explicit fee or
royalty charges and "turnkey' operations.

Collection of a set of qualitative as opposed to
quantitative data on technology transfers. A

special survey would be needed. Merchandise exports
could be classified as being new products in the
recipient country, or as having competition in the
recipient country and, if so, whether the substitutes
are imported from third countries or produced
domestically. Additional data might include questions
on whether or not the process involved in the technology
transfer is already present in the recipient country

or if other foreign sources are available. Data might
be collected on the number of transactions, the host
country for each transaction and the channel (for
example, licensing to a non-affiliated foreigner, or
direct foreign investment) used to accomplish the
transfer. Some description of the technology, including
information on how long it has been available in the
United States and how it might differ from similar
technology available abroad would also be useful.

iii



321

TABLE OF CONTENTS
Page

EXECUTIVE SUMMARY: i
THE ECONOMICS OF INTERNATIONAL TECHNOLOGY TRANSFER
I. INTRODUCTION TO THE ANALYSIS: 2
A. Legislation-— 2
B. The Perception of Technology Transfers as a Problem—~- 3
C. The Research Implications of Section 119=—=r-==——=== —_ 5
D. Guide to the Chapters 6
1I. TECHNOLOGY TRANSFER ~ THEORY, METHODOLOGY AND DATA----—=-- 7
A. Introduction---
Trade Theory 7
Definitional Problems in Measuring Change in
Technology 8
Comparative Measures of Technology Intensity-—---- - 10
Identification of Advanced-Technology Fields—-——-——- - 10
B. Technology Transfer- 12
Concepts 12
Factors Affecting Technology Transfers—---—--—--—=="" 13
Measuring Technology Tramsfers 14
C. The Economic Impact of Technology Transfers --—-——=-—— 20
Overview 20
General Effects 21
Net Income Effects 21
Income Distribution Effects 21
Employment Considerations 22
Other Considerations 22
D. U.S. Trade Focus: A Range of Possible Effects-—-—- — 23
Technology-Gap Effect: 23
Associated-Export Effect 24
Supply-Growth Effect 24
Demand-Growth Effect 24
Inter~-Industry Effect— 24
E. An Approach Used to Analyze the Impact of Technology
Transfers on U.S. Trade, Production, and
Employment: 25
The Framework: 25
Data Shortcomings 26
The Problem of Alternative Hypotheses-——-—————--—=== 26
Estimating Employment Effects from Production
Effects 27
Exchange Rates - 27
F. Summary 28

iv



322

TABLE OF CONTENTS (Cont'd)

Page

III. THE TRADE COMPETITIVENESS OF HIGH-TECHNOLOGY INDUSTRIES----- 29
A. Competitiveness 29

B. Representative Studie 30

C. Alternative Measures of Technological Competence——=——==—— 38

D. Summary--- 39

IV. CORCLUSIONS AND RECOMMENDATIONS 40
A. Conclusions~—--—-- 40

B. Recommendations---= 40

AN ANNOTATED BIBLIOGRAPHY - . 42



323

THE ECONOMICS OF INTERNATIONAL TECHNOLOGY TRANSFER

I. INTRODUCTION TO THE ANALYSIS

A. Legislation

This study has been prepared in response to legislation enacted in June
1977 charging the U.S. Department of Commerce, the U.S. Department of Labor
and the U.S. International Trade Commission to examine the domestic economic
impacts of the export of advanced industrial technology from the United
States. The mandate, contained in section 119 of the Export Administration
Amendments of 1977 (Public Law 95-52), states:

(a) The President, acting through the Secretary of
Commerce, the Secretary of Labor, and the Inter-
national Trade Commission, shall conduct a study
of the domestic economic impact of exports from the
United States of industrial technology whose export
requires a license under the Export Administration Act
of 1969. Such a study shall include an evaluation of
current exporting patterns on the international competi-
tive position of the United States in advanced industrial
technology fields and an evaluation of the present and
future effect of these exports on domestic employment.

(b) The results of the study conducted pursuant to sub-—
section (a) will be reported to the Congress within
one year after the date of enactment of this Act.

For the purposes of this study, it has been necessary to ascertain the
scope and types of technology to be examined. The legislation states that
inquiry is to be focused upon that industrial technology which requires an
export license under the Export Administration Act of 1969. 1/ Under
regulations promulgated pursuant to the 1969 act, 2/ there are two types of
export licenses administered by the Office of Export Administration, in the
U.S. Department of Commerce. The first type is the "general license," 3/ a
license which provides blanket approval for the export of certa1n types " of
technical data that are "generally available,” as well as "scientific or
additional data." 4/ The general license applies to the bulk of technology
‘and technological data which moves in international trade. The second type of
license, a "validated license," is required for all other types of technical
data, including generally higher level technology and technolugical data which
are not covered by the requirements for general licenses. 5/ A request for a
validated license must be submitted to the Department of Commerce for approval
on a case-by-case basis in order that control of exports, as necessary to the
national security of the United States, is exercised. The controls are
invoked most frequently when the license involves shipment of higher level
technology to the Communist countries. The language of section 119 has been
interpreted to include examination of transfers of technology in the broad
sense, namely, examination of those transfers covered

1/ Public Law No. 91-184, approved Dec. 30, 1969, 83 Stat. 841, 50 U.S.C.
App. 2401 et seq. (1969).

2/ 15 CFR. 379 (1977).

3/ 15 CFR.  379.2 (1977).

4/ 15. CFR. 379.3 (1977).
5/ Certain exports to Canada are excepted. 15 CFR. 379.5 (1977).
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by both general and validated licenses, and the effect of those transfers upon
the international competitive position of U.S. advanced technology fields and
upon domestic employment. To have focused only on technology transfers
requiring a validated license would have had the effect, in large part, of
limiting the study to issues of West-East technology transfer.

The legislation addresses a recognized need for an overview of the main
issues associated with technology transfers and a perspective on the extent of
their impacts. The basic concern is to know whether, to what extent, and how
technology transfer harms or benefits the economy of the United States. Such
information presumably would indicate to the Congress and other policymakers
the relative feasibility and desirability of adopting measures that might
either accelerate or inhibit technology transfer in accordance with the
national economic interest.

B. The Perception of Technology Transfers as a Problem

The mandate from the Congress conveys a growing concern about the possible
adverse economic effects of technology transfer. This concern stems, in part,
from analyses of eminent economists 1/ and from statistical evidence that
indicates that the U.S. has been losing its competitive edge in markets for
certain high-technology-content products in which the United States previously
held a strong leadership position. Some evidence of this slippage was
recently presented by Aho and Carney 2/ in a report which was used as the
basis for testimony before the Senate Subcommittee on International Finance.
Figure 1 shows the results of comparing the U.S. share of Organization for
Economic Cooperation and Development (OECD) exports of technology-intensive
manufactured products 3/ with the market shares of Germany, Japan, and the
United Kingdom. The Aho and Carney analysis supports the argument that a
significant part of the decline in the relative trade performance of the
United States in the past several years has been caused by structural changes
in the U.S. economy that have adversely affected the U.S. comparative trade
advantage. Another view is that price effects (e.g., overvalued dollar) and

1/ Harry Johnson, "Technological Change and Comparative Advantage: An
Advanced Country's Viewpoint," Journal of World Trade Law, January-February
1975, pp. 1-1l4. Johnson notes that patterns of comparative advantage were
considered in the past to be fixed by nature, or subject to slow, regular and
predictable change. He says that it is now clear that technological change
and its diffusion in response to differences in labour costs is a chronic
disturber of existing patterns of comparative advantage. Johnson points out
how these disturbances impose an adjustment burden on individual workers and
their communities.

2/ C. Michael Aho and Richard D. Carney, "United States Export Performance
in the Post-Devaluation Period: Continuation of a Secular Decline?” Report
submitted to the Subcommittee on International Finance of the Committee on
Banking, Housing and Urban Affairs of the United States Senate, Washington,
D.C., Feb. 23, 1978.

3/ Technology-intensive products include chemicals, nonelectrical machinery,
electrical machinery, transport equipment, scientific instruments and
miscellaneous manufactures according to the Standard International Trade
Classification (SITC). They exclude the metallurgical industries, textiles,
footwear, and the like.
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cyclical changes (e.g., slow European and Japanese growth) have been
responsible for recent U.S. trade problems. Casual evidence for the Aho and
Carney argument is the observation (see figure 1) that Germany and Japan have
been able to maintain and increase their market shares despite the
appreciation of their currencies and the resulting favorable price movement
for U.S. exports.

While arguing that non-price factors are an important cause of the adverse
U.S. trade position, Aho and Carney state that they could not identify the
specific factors contributing to the observed changes in the pattern of U.S.
exports., 1/ A prominent group of observers, however, has charged that U.S.
technolog; transferred abroad through capital exports and licensing
arrangements has been a major cause of adverse effects on the economy. 2/
Advocates of this adverse impact theory argue that the massive foreign direct
investment and licensing activities of U.S.-based multinational corporations
during the 1950's and 1960's exported jobs along with technology. They
contend thatethe United States is continuing to lose production and employment
through its diminishing share of the world market because of continued
technology transfers. Technology transfer is said to be responsible for the
fact that employment in manufacturing has not recovered to its 1969 level in
the U.S. in spite .of a substantial growth in the private sector as a whole. 3/

Such arguments identify technology transfer as a significant causal
element of the loss of related U.S. market share, whereas many other factors
influence comparative advantage in trade. The effects of decreased growth in
domestic research and development efforts, lower productivity growth,
increased research and development abroad, accessibility to markets, national
business attitudes, and a host of other considerations also influence the U.S.
comparative advantage in trade.

C. The Research Implications of Section 119

It is implicit in the Congressional mandate that all of the above
considerations impinging on economic growth and trade patterns can be
separated from the impact of technological transfer. It is further implicit
that the technology component of foreign trade, investment, and other transfer
mechanisms can somehow be identified and isolated. This component must then
be measured and related back to the domestic economy in order that conclusions
can be reached about the net impact on the U.S. economy. These are not easy
tasks., Furthermore, these questions presume a knowledge of what would have
occurred in the absence of U.S. technology transfers.

1/ Aho and Carney, op. cit. p. 29.

2/ For an example, see the statement of Jacob Clayman of the AFL-CIO before
the Senate Subcommittee on Multinational Corporations, Washington, D.C., Dec.
10, 1975,

3/ However, manufacturing employment in the seventies has also declined (and
to a greater extent than in the United States) in Germany, the Netherlands,
the United Kingdom, and Japan. See International Economic Indicators, U.S.
Department of Commerce, Dec, 1977, p.82.
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Given the time and resource limitations and the substantial gaps in
current knowledge of the technology transfer process and of its repercussions,
the tri-agency staff was not able to execute a quantitative analysis of the
economic consequences of technology transfer. No conclusions were reached by
the staff as to whether the ultimate effects of U.S. technology transfer are
beneficial or detrimental to U.S. economic well-being. Instead, the staff
conducted an extensive review of the state-of-the-art of technology transfer
theory. The review covered relevant economic theory, methodology, and data.

To arrive at any supportable conclusions on the broad issues raised by the
mandate will probably be very difficult, The linkage between technology
transfer (itself an unclear concept) and the economic consequences of the
transfer are very tenuous. Many theoretical issues remain unresolved, and
there seems to be no clear methodological approach to their resolution. Most
of the important key data remain uncollected and may prove very difficult to
collect,

In this report the tri-agency group has attempted to outline the basic
issues and the methodological problems that have made it infeasible to answer
questions about the effects of technology transfers. It draws on economic
concepts and terminologies. These ideas and vocabularies have been simplified
whenever possible. As its primary goal the report attempts to conceptualize
the theories involved and to explain the analytical pitfalls that have
prevented previous investigators from reaching conclusive statements, about
technology transfer. We hope that this report will stimulate innovative
research on this topic in the future.

D. Guide to the Chapters

Chapter II, "Technology Transfer--Theory, Methodology, and Data," begins
with a presentation of the economic concepts of technology zad technology
change. From this point the paper proceeds to discuss approaches used to
identify advanced industrial technology fields. Next, the discussion outlines
the problems of defining what is meant by technology transfer, identifying
transfer processes, and measuring the transfers. Although other serious
problems exist in any attempt to establish a causative linkage between
technology transfer and subsequent economic impacts, the difficulties
surrounding the identification and measurement of the transfers themselves
present the most immediate obstacle. The final sections of the chapter
address the economic impact to be expected from technology transfers. The
major measurement problems to be confronted in this area are as follows: (1)
The impacts of technology transfer are complex, involving product, labor, and
capital markets both abroad and at home; (2) much of the data required have
not been collected; (3) segregating the impact of technology transfer from the
impact of other economic forces is difficult; (4) the problem remains of
judging what would have occurred had U.S. technology not been transferred.

Chapter III, "The Trade Competitiveness of High~Technology Industries,"
examines comparative trade advantages of high-technology industries. The
concept of competitiveness is discussed first. Next, several studies that
have examined the link between technology and trade flows are reviewed.
Finally, U.S. trade patterns in R&D intensive industries are presented.
Chapter IV closes with conclusions and implications for future research.
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II. TECHNOLOGY AND TECHNOLOGY TRANSFER--THEORY, METHODOLOGY, AND DATA

A. Introduction

The relationship between transfers of U.S. technology abroad and U.S.
trade, production, and employment has become an increasingly significant topic
in recent years, particularly to those policymakers in the United States who
have viewed with alarm the rise in U.S, imports of technologically
sophisticated products and the increasing competition in foreign markets for
U.S. exports of these products. At issue is whether the relatively unimpeded
flow of "advanced" U.S, technology abroad is injuring the U.S. economy.
"Injury to the U.S. economy" is a concept that means different things to
different people. Here, a broad view is taken, with "injury" implying that
the impact of technology flows is to reduce real GNP or total employment., 1/
The pattern and timing of the impacts of technology transfers are also of
interest. Which industries are most affected by these transfers? What are
the timing and the extent of the effects? For example, a particular
technology transfer may have a net beneficial impact on the U,S. economy in
the long run, but may cause substantial adjustment costs to a particular
industry in the short run. Hence both the net impacts and their pattern and
timing are of potential interest to policymakers. Technology transfer can
benefit as well as injure the U.S. economy. Presumably, the benefits and
costs of technology transfer should be measured in terms of the alternatives,
namely, what would have occurred in the absence of the transfer. In this
section some of the more crucial assumptions needed for such an analysis are
discussed.

Trade Theory.~-The theory of international trade has developed gradually
during the last half century. The most prominent trade theory bases the
analysis of trade flows on the relative factor endowments of capital and labor
among countries. Thus, countries with a relative abundance of labor would
generally be expected to export labor-intensive goods and import
capital-intensive goods. This classical theory of comparative advantage was
seriously challenged by the results of research done by Leontief. 2/ The
Leontief paradox indicated that U.S. imports were less labor intensive than
U.S. exports, a result contrary to expectations. Many explanations for this
paradox have been advanced and empirically tested.

1/ A normative judgment is not to be inferred from this definition. The
first step is to determine the impact of the technology transfer flows.

2/ Wassily Leontief, "Domestic Production and Foreign Trade; the American
Capital Position Re-examined," Economia Internazionale, vol. VII, No. 1,
February 1954, pp. 3-32.
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Attention was paid to other theories which would also explain trade. One
such theory relevant to the technology transfer issue contends that
technological differences among countries are reflected in products traded
among them. Thus, high-technology countries such as the United States would
tend to export goods incorporating relatively new and advanced technology and
to import products utilizing standard or well-known technologies. Vernon's
product cycle theory 1/ makes use of the concept of techmnology gap in
explaining trading patterns over time. Products go through a life of their
own in different stages~-new, then maturing (when technology spreads to
industrialized countries other than the originator), and finally
standardized. Following this line of reasoning, a high-technology country
such as the United States should have a comparative advantage in new products;
and the longer the product stays in the new stage, the longer it should
maintain its high level of export competitiveness. If this hypothesis is
valid, then the greater the export of technology, the smaller the technology
gap and thus the sooner the comparative advantage diminishes for the home
country's exports. 2/ The product cycle theory directly relates a country's
comparative advantage to its relative technological expertise as embodied in
its traded goods.

Should the product cycle theory have explanatory value, then one might be
able empirically to determine the impact of technology transfers abroad on the
volume and composition of trade and consequently on the domestic economy in
terms of production and employment effects. 3/ Unfortunately, a series of
problems makes the undertaking of such an analysis extremely difficult. The
remainder of this section is concerned about these problems and what
approaches might be taken to resolve them.

Definitional Problems in Measuring Change in Technology.--Many different
concepts fall under the umbrella of 'technology transfer.' Analytically,
there are two separate definitional problems concerning technology to be
discussed in this paper: (1) What constitutes technology? and (2) What does
it mean to say that technology has been transferred from one country to
another? One definition of technology is:

Technology is knowledge or information that permits
some task to be accomplished, some service rendered,
or some product produced. Conceptually, technology
can be distinguished from science, which organizes
and explains data and observations by means of
theoretical relationships. Technology translates
scientific relationships into "practical use. 4/

1/ Raymond Vernon, "International Investment and International Trade in the
Product Cycle," Quarterly Journal of Economics, May 1966, pp. 190-207.

2/ This statement assumes that other factors which affect the technology gap
and comparative advantage remain constant.

3/ Economic research indicates that the product cycle theory, to some extent
explains trade patterns.

4/ G. R. Hall and R. E. Johnson, "Transfers of United States Aerospace
Technology to Japan," The Technology Factor in International Trade, edited by
Raymond Vernon, National Bureau of Economic Research, New York 1970, p. 306
(footnote 2).
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Admittedly, this definition of technology is very broad and does not provide
nmuch guidance as to how technology might be measured. Rather than measure the
total level of technology embodied in some process or '"possessed" by some
country, it may be more convenient to look at changes in the level of
technology.

Mansfield has examined the broader question of technological change, the
process by which more output is produced from the same amount of input or less
inputs are required for the same amount of output. He defines technological
change as:

the advance of technology, such advance often

taking the form of new methods of producing existing
products, new designs which enable the production of
products and important new characteristics, and new
techniques of organization, marketing and management., 1/

Such a definition of technological change that is associated with changes
in factor productivity probably is too restrig¢tive in a world in which new
products are being introduced and tastes -are changing over time, often in
response to the availability of new products. Technological change associated
with new or improved products should be considered as well, but the
relationship between new or modified products and technological change needs
to be defined carefully. 2/ Although much of the empirical literature appears
to treat all product changes as technological changes, there is some question
as to whether this is the proper procedure.

For products whose output can be measured empirically, an assessment of
technological change is feasible. For example, a new calculator which
performs an operation more quickly than a previous model at the same factor
costs could be said to embody a technological change. The problem, however,
becomes more complicated if the "new" product is used in the form of direct
consumption, thus providing psychic pleasure but not enabling someone to be
able to accomplish something which could not be dome previously. Presumably,
for these products one should relate their technological component to whether
their purchases cause total satisfaction to increase. One approach to
determining this might be to compare the value of the new product with the old
one given the same amount of factor inputs—-i,e. whether the price of the new
item is higher using the same factor inputs for comparison (this approach
assumes the factor inputs themselves have not been affected by technological
change). Another approach would be to take equal values of the two products
and compare the values of the factor inputs used in each. However, all
product changes may not represent technological advances. Suppose a
calculator is introduced having a new design (e.g., rounded keys instead of
square keys) but costs the same to produce and sells for the same price as
calculators with the old design. This change could be said to represent
product differentiation rather than technological change.

1/ Edwin Mansfield, The Economics of Technological Change, New York, 1968,
pp. 10-11.

2/ It is important to remember the distinction between product and process.
A new process implies a changed technological relationship among inputs used
to produce an output, Process innovations have been much more intensively
researched than product innovations.
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The purpose of this discussion is to give an idea of the conceptual
problems involved in identifying what constitutes a technological change. One
of the principal problems appears to be the need to distinguish newness of a
product from technological change--i.e., one should not automatically identify
a new or modified product as involving technological charge. Certainly, there
is no standard definition in use in the empirical work which has been
attempted in this field. As a consequence of having this definitional
problem, there is a serious measurement problem.

Comparative Measures of Technology Intensity.--Even if one could measure
technological change or the degree of use of technology for a product or
process, individual measurements would have to be aggregated in some way so as
to characterize industries according to their relative applications of
technology. Most research that has been done in the area of technology
transfer has been done on a case-study basis. This approach is used because
of the complexities involved in particular transfers. However,
generalizations about technology transfers and about their relationships to
trade necessitate the aggregation of measurements of technology transfer to
broad industry-group or product-group levels. Because of the deficiency of
detailed measurements that could be aggregated, researchers have used proxy
measures to characterize the degree of technological achievement in an
industry.

Identification of Advanced-Technology Fields.--The conventional approach
is to use expenditures for research and development (R&D) as a proxy Sor areas
which are characterized as having a fairly high level of technological
sophistication. Alternatives to the R&D method exist, and that which appears
to be most promising is the innovative process (IP) method. Both methods are
presented and compared here to indicate their respective strengths and
weaknesses, It is possible that the two approaches together may serve as a
more precise method of depicting high-technology sectors. Briefly, the R&D
approach concerns itself with those states of technological progress preceding
commercialization of the technology. In contrast, the IP approach looks at
the broader aspects of technological progress, including commercialization of
the technology parcel, but in doing so it deemphasizes the source of the basic
technology.

Research and development activity can be characterized as basic research,
applied research, and product development., Basic research is work undertaken
for the advancement of scientific knowledge and discovery, which form a tiny
but essential core of all technological progress. Applied research is an
extension of basic research, with a specific practical aim in view. Product
or process development draws on the findings obtained from basic and applied
research to develop new materials, devices, products, processes, and systems,
or to improve existing ones.

R&D indicators are frequently used as a means of classifying industries
according to technological intensity. Some indicators are the number of
scientific and technical workers in an industry (as a percentage of industry
employment), number of patent applications, and R&D spending as a percentage
of total sales. There is some question as to the comparability of this
information across industry or product lines. For such comparisons one must
assume that one scientist or technician, one patent application, or one dollar
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spent on R&D is equally “productive" in the technological sense in one
industry or product line as in another. Furthermore, for such R&D indicators
to be a good proxy for technology intensity, it is necessary to associate a
concentration of R&D activities with the commercial performance of an industry
or product line.

While many studies accept a high level of R&D expenditures as indicative
of a high~technology industry sector, such a relationship should not be
interpreted as a causative one. Although R&D activities serve to enlarge the
technical capability needed to advance the state of technology in a firm's
operations, additional inputs (e.g., managerial knowhow) are required to
achieve technological progress. The role of research and development in the
hierarchy of technological progress may be appreciated from a cost viewpoint.
A 1967 Department of Commerce study concluded that, as a rule of thumb, for
each dollar spent on basic R&D, 10 more are required for applied R&D and
product development, and an additional 100 for commercialization of the
technology package in the form of new or improved products cr services. 1/

The 1P method is concerned with the interplay of technical and managerial
knowhow and the actual introduction into the marketplace of a new or improved
product or service. The distinguishing characteristic of the IP concept is
that it focuses attention on the incorporation of new technology into a firm's
production function in order to generate new or improved output to meet market
needs. To determine the usefulness of this approach for identifying advanced
industrial technology sectors, a survey of innovative U.S. firms could be
undertaken,

As in the R&D method, there are numerous indicators of the innovation
process. Innovations generating improved products or processes can be
classified in terms of their radicalness, the year of market introduction, the
size of the innovating company and the industry to which it belongs, the R&D
intensiveness of that industry, and the sources of technology underlying the
innovation. Indicators of radicalness rely on qualitative judgment, and they
can use a hierarchical classification such as the following: Radical
breakthrough, major technical change, improvement to existing product, and
imitation. The IP method, like the R&D method, encounters the problem of
comparing the information provided by the indicators across industries or
product fields. The principal difference between the IP method and the R&D
approach is that the former uses outputs while the latter uses inputs to
measure technological change. 2/

1/ Daniel V. DeSimone, Technological Innovation: Its Environment and
Management, U.S. Department of Commerce, Jan. 1967. Furthermore, although
economists would anticipate that the expected returns to additional, marginal
increases in R&D expenditures should be in equilibrium across industries (and
equal to the returns on additional expenditures on other factor inputs such as
labor and capital), the average returns to R&D expenditures may differ
markedly across industries. This apparent contradiction would occur if the
marginal returns to R&D expenditures diminish at different rates in different
industries.

2/ For a more complete description of the IP method of analyzing
technological advance, see Gellman Research Associates, Indicators of
International Trends in Technological Innovation, U.S. Department of Commerce,
National Technical Information Service, PB-263 738, April 1976. (This report
was prepared for the National Science Foundation, Washington, D.C.).
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B. Technology Transfer

Concepts.--Technology may be transferred abroad in a variety of ways. For
example, U.S. exports may have new technology embodied in them. To the extent
that part of the payment received for these exports represerts a payment for
the technology, one can argue that a market value of that technology exists
and is measureable. This is much more likely to be the case for arm's-length
transactions than for intracompany transactions. However, even under ideal
market circumstances, it may be very difficult to disentangle the
technological component from the rest of the transaction. At best, one might
hope to analyze "technologically embodied" transactions in terms of the
overall impact on trade flows and on the exporting country's production and
employment.

Another means by which technology can be transferred is through direct
foreign investment. In this instance it has usually proven impossible to
isolate the overseas profit component because of technology transfers
incorporated in the processes or products involved in the investment. Direct
foreign investments include joint ventures and mergers. Other examples of
ways in which such transfers may be accomplished are foreign students,
international conferences, scientific and professional publications, patent
and other kinds of licensing, management and technical assistance contracts,
and "turnkey" operations. Most concern over possible adverse impacts of
technology transfer on the U.S. economy is expressed with regard to the
transfer of proprietary technology by the private sector. For this reason,
and also because it does not appear to be feasible to measure transfers of
nonproprietary technology, this study focuses on transfers of proprietary
technology.

Technology diffusion among countries can be viewed on two levels. On one
hand, any transaction between two companies in different countries in which an
exchange of technology occurs could be considered as a techrology transfer.

On the other hand, technology transfer could be seen in terms of transfers of
technology that is new to the recipient country (i.e., a transfer of
technology that does not already exist in the recipient country). From the
point of view of economic theory, the latter represents technology transfer in
that it results in a positive shift in the production possibilities curve 1/
of a country (i.e., the country's production potential increases), whereas the
former may depict a firm moving from a less efficient to a more efficient
production pattern using knowledge purchased abroad but which may have been

1/ The production possibilities curve represents the maximum combination of
outputs that can be produced efficiently given all possible combinations of
inputs. If a technology is available in a country, but it is not being
utilized by some firm, then it may be that those firms are operating
inefficiently. 1If there is domestic competition, they will be likely to be
displaced by more technologically efficient firms. The acquisition from
abroad of technology already available domestically does not affect the host
country's production possibilities curve.

28-558 O - 78 - 22



334

13

available domestically. 1/ .This d1st1nct10n is acknowledged in the field of
research in determlnxng which countries’ industries have a coumparative
advantage owing to technological leadership. Using high R&D expenditures as a
proxy for technological leadership implies an advantage due to differences in
technology among countries.

Factors Affecting Technology Transfers.--The volume, method, and direction
of technology transfers are based on the profit expectations of businesses
regarding the alternative uses of the technology. These expectations are
influenced by current and projected political and economic conditions as well
as by previous experiences. The expected profits may be influenced, for
example, by the monopolistic or competitive situation of the seller. In the
latter situation, pressures may be greater for the transfer to occur to avoid
loss of the sale or market to a competitor. Government policies may also
affect the flows, particularly in the area of national security-related
transfers. Exchange rate movements may result in changes in the flows of
technology transfers, as these would affect actual and expected returns. For
example, an exchange rate depreciation of the dollar vis-a-vis the German mark
may lead to decisions against foreign investment (and thus production) in West
Germany in favor of exports to West Germany by U.S. firms. Changes in costs
may also affect technology transfers. An increase in shipping costs would
tend to make merchandise exports less desirable relative to other technology
transfer and foreign production.

An important consideration in the study of technology transfers is that
the type of technology transferred, the vehicle through which the transfers
take place, and the price paid for technology are often influenced by
government policies. For example, according to Baranson, it is official
policy in several Western European countries and Japan to encourage national
firms to acquire advanced technologies in order to develop internationally

1/ Under conventional assumptions of competition, the price of the
technology should be the same whether purchased abroad or at home. Should the
imported technology be less expensive, this fact would indicate some market
imperfection. If the technology embodied in a piece of machinery cannot be
duplicated domestically, the importation of additional units- of the machine
will increase the production possibilities of the recipient country because of
the added capital but not because of the technology embodied in the
machinery. The technology already exists within the country owing to the
original importation of the machinery in question. The inability of the
recipient country to reproduce the machinery indicates that the country lacks
one or more factors of production necessary to build its own machine, but this
inability does not signify that the technology embodied in the specific
machinery in question does not exist within the recipient country.
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competitive industries. 1/ Two examples of ways in which desired technology

is attracted are (1) Tax incentives which attract direct foreign investment,

and (2) trade barriers, which make the transfer of specific technologies more
profitable. 2/ The extent to which such policies may be contributing factors
of the technology transfer process cannot be ascertained.

Technology transfers to nonmarket economies are state-negotiated and hence
strongly influenced by the policies of those countries, as wcll as by U.S.
export restrictions on many technologies for reasons of national security.
Since these countries' purchases are state-controlled, importer states may
have some extra bargaining power where there are several competing suppliers
of a given technology. Currently, transfers of technology to nonmarket
economies are relatively small, and the policies of these countries prevent
technology transfers through direct foreign investment, an important vehicle
(note, however, that Yugoslavia, Romania, Hungary, and Poland allow minority
ownership by Westerners in some industries).

The developing countries have asked for special treatment through
international agreements so that they may obtain more cheaply the technology
they need to aid in their development. Resource-rich developing countries
usually have policies to encourage industrialization based on development of
facilities to process and fabricate their raw materials for world markets. 3/
Many developing countries have begun to question the appropriateness of some
of the advanced Western technology and to advocate the transfer of less
capital-intensive technology. 4/

Measuring Technology Transfers.--Existing data on fees and royalties from
abroad provide only a very crude indication of the amounts of technology being
transferred. This statement is true for several reasons. First, since we do
not know how to measure units of technology, we cannot be sure whether changes
in the dollar amounts of receipts and payments of fees and royalties represent
changes in the amount of technology being transferred, changes in the prices
being paid for technology, or changes in both quantities and prices. For
example, in an economic downturn, the prices paid in new technology
transactions may fall along with the prices paid for many other production
inputs. Besides general economic conditions, another factor that may
influence the price of technology is a shift in the economic bargaining
position between the seller (exporter) and buyer (importer) of technology.
Presumably, if the latter were to become stronger, the prices paid for
technology would tend to fall.

1/ Jack Baranson, "International Transfers of Industrial Technology by U.S.
Firms and Their Implications for the U.S. Economy," paper prepared for the
Bureau of International Labor Affairs, U.S. Department of Labor, December
1976, p. 11.

2/ Restricting imports encourages domestic production of the goods involved,
apd encourages owners of technology to produce behind the tariff walls rather
than attempt to export over them to supply the protected market. For example,
evidence that Canadian tariffs induce U.S. direct foreign investment in that
country is given by Thomas Horst, "The Industrial Composition of U.S. Exports
and Subsidiary Sales to the Canadian Market," The American Economic Review,
March 1972, pp. 37-46.

3/ Jack Baranson, op cii. p. l4.

4/ For an analysis of this issue, see Ronald Findlay, "Some Aspects of
Technology Transfer and Direct Foreign Investment,'" American Economic Review
(Papers and Proceedings), May 1978, pp. 275-279.
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Second, these data may not reflect accurately the value of private-sector
technology transfers because they do not include all the payments made for
these transfers and because they may reflect such things as tax considerations
rather than just payment for technology. For example, some technology is sold
in exchange for equity in the receiving enterprise, some technology is traded
in exchange for other technology, and some multinationals transfer technology
to their foreign affiliates without charging explicit fees or royalties.

These factors would cause fees and royalties to understate the value of
transfers of proprietary technology. On the other hand, fees and royalties
include payments by subsidiaries for headquarters managerial staff, payments
for film rentals, and payments for use of trademarks and copyrights. Also,
multinationals may have an incentive to overcharge for fees and royalties in
order to avoid foreign taxes on dividends. 1/

Finally, the existing data on U.S. payments and U.S. receipts of fees and
royalties are not very useful in evaluating current trends in transfers of
technology. This is true because receipts and payments are from the stock of
past technology transfers and do not tell us the relative size of current
technology inflows and outflows. For example, Japanese data show that
Japanese receipts of fees and royalties were less than 15 percent of such
payments by Japan in 1973. But data on sales and purchases of technology by
Japan in 1973 showed that outflows slightly exceeded inflows in that year.
Unfortunately, the U.S. Government currently does not collect information on
technology sales or purchases. Thus, little is known about the relative
magnitudes of current flows of technology to and from the United States. Data
from an earlier OECD study indicated that during the 1960's, the United States
was the major supplier of technology as measured by fees and royalties within
the OECD. United States receipts for patents, licenses and royalties
accounted for between 50 to 60 percent of total OECD receipts. 2/

A possible measure of technology transferred through direct foreign
investment from parents to their foreign affiliates is research and
development expenditures allocated to foreign operations as required by new
tax regulations covering these expenses. This measure may be justified if the
value of technology is closely related to the costs of developing it, 3/ and
if the tax regulations result in the proper allocation of these costs to
foreign income sources. However, little is known about the relationship
between costs of development and the value of technology. 4/ 1In addition, the
allocation of these costs to foreign profits is likely to be subject to large
errors.

1/ See Jason Mirabito and Joseph M. Lightman, "Foreign Governmental Restric-
tions on Remittances From License Fees", The Outlook for U.S. Research and
Development in Response to Changed IRS Tax Treatment, Foreign Business
Practices Division, Office of International Finance and Investment, U.S,
Department of Commerce, May 1977.

2/ OECD, Gaps in Technology, Paris 1970, p. 26l.

3/ Research and development expenditures are commonly used in economic
research as a proxy for the value of technology. See, for example, Thomas
Horst, op.cit.

4/ Theoretically, the marginal cost of developing technology should be equal
to the expected value of the marginal returns to technology. But even if this
equality holds, it does not imply that the total costs of developing
technology bear a close relationship with the value of technology developed.
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Where technology is licensed to a nonaffiliated foreign recipient, data on
the market value of the technology transferred may be available. However, as
Richard Caves has noted, the market for the licensing of technology is the

"one about which our ignorance is great concerning the extent of competition
and the rationality of pricing decisions." 1/ Also, data necessary to link
these transfers with trade flows and with foreign and domestic productlon of
the products involved are not available in sufficient detail. Hence, it is
difficult to estimate the impacts of these technology transfers on the U.S.
economy .

Another approach to measuring the amount of technology transferred is the

"resource cost" approach suggested by Arrow 2/ and empirically constructed by
Teece. 3/ Arrow suggests that the cost of information transfer strongly
influences the international diffusion of technology. Teece focuses on the
cost of transferring "unembodied” knowledge. 4/ He identifies two groups of
factors which influence transfer costs: (1) Those associated with the degree
to which the transferor understands the technology; and (2) those identifying
the technical and managerial competence of the transferee., It should be noted
that the cost of transferring technology may also be affected by factors which
are not related to technology differences among countries, such as costs of
translating languages, or transporting goods; but these costs can be separated
out to some extent. The cost of transferring technology may be as good a
proxy for the value of technology transferred as any other proxy available.
5/ However, the total costs of transferring technology may be quite different
from the total value of the technology transferred.

There exist various problems in measuring the amount of technology
transferred. For example, consider a situation where a U.S. company builds a
plant in Brazil to make modern tractors which have not been produced there.

It appears that there has been a technological transfer, as tractors being
produced there were much less 'sophisticated."” The fact that a U.S. firm may
be the first to produce a "more modern" tractor may or may not represent a
technology transfer. It could be that the technology already existed in
Brazil, but was not being incorporated owing to capital shortages. Thus, what
at first appears to be a technological transfer may actually be a transfer of
sorely needed capital,

1/ Richard E. Caves, "Effect of International Technology Transfers on the
U.S. Economy" The Effects of International Technology Transfers on U.S.
Economy, National Science Foundation, Washington, D.C., July 1974, p. 36.

2/ Kenneth J. Arrow, "Classificatory Notes on the Production and
Transmission of Technological Knowledge,"” American Economic Review, Papers

and Proceedings, vol 52, May 1969, pp. 29-35.
37 D. J. Teece, Technology Transfer by Multinational Firms: The Resource

Cost of Transferring Technological Know-How," The Economic Journal, vol. 87,
No. 346, June 1977, pp. 242-261.
4/ "Unembodled" knowledge is information needed to effectively use the
transferred physical equipment.
5/ This approach to measuring the value of technology transferred resembles
in concept the use of the costs of developing a technology as a proxy for the
value of the technology and is subject to some of the same problems. See

Caves, op.cit.
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Production characteristics of the host country are important when using
data on payments for technology to determine how much technology is being
transferred. Because countries vary in terms of their levels of technological
knowledge, a technology transfer from the United States to a developed country
may represent only a very small technological advance for the host country,
whereas the transfer of that same technology to a developing country may
represent a very substantial technological advance for the host country. The
true measure of any such technological gap may not be represented in the price
system, for a technological development may be much more "usable" for a more
advanced country than for a less advanced one. The technological gain in the
more advanced one, for example, may be worth more there because it is labor
saving in a country which is labor scarce relative to the less advanced
country (which is assumed to be labor abundant). Thus, while a higher price
paid by the more developed country may be a good approximation of the value of
the additional technology, it would not reflect the relative amounts of
technology being transferred to the developed and the developing countries. 1/

Thus far this report has been concerned with outward flows of technology.
There are also important inflows of investment and technology from abroad.
Data are available for fee and royalty payments and receipts by U.S. firms and
are presented in table 1. Although the data on fees and royalties seem to
indicate that technology outflows are much more important than inflows, they
must be interpreted with care because they do not include all the ways in
which payments are made for technology transfers and because they include
payments for past transfers as well as current transfers. The data indicate
that about one-fifth of total receipts of fees and royaltiec are from
nonaffiliated foreign firms, and that receipts of fees and royalties are about
ten times greater than payments. The data also indicate that, like U.S. trade
and U.S. foreign investment, most U.S. licensing tramsactions occur with
Canada, Japan, and Western Europe.

Three principal problems in measuring international transfers of
technology have been discussed: (1) Identification of those transactionms,
such as trade or foreign investment, which actually contain a technology
transfer;

(2) separating out and measuring payments made for the technology component of
export and investment transactions; and (3) identification of the real flows
of technology. In most cases, we have seen that proxy measures of technology
transferred are subject to large and unknown errors. In some cases, better
data collection would improve our ability to measure technology transferred.

1/ These observations of relative technological differentials concern the
meaning of price of technological transfer and as such do not constitute a
definitional problem so much as a measurement problem. There are many factors
that affect prices; thus, should one identify the price of a technological
transfer, care should be used in interpreting what the price represents. If
some way of defining common units of technology can be reached, then a
conversion into price per unit of technology can be expressed. The basic
problem is the decomposition of the total value of the technology transfer
into price and quantity components.
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Table 1

Fees and royalties: payments and receipts in 1976
and 1977 (in millions of dollars) 1/

1976 1977 2/

Total Receipts 4,302 4,590

From Affiliated Foreigners 3,472 3,678

From All Others 830 912
Total Payments 471 451

To Affiliated Foreigners 276 250

To All Others 195 201
Western Europe:

Total Receipts 2,083 2,263
From Affialiated Foreigners 1,700 1,848
From All Others 383 415

Total Payments 319 328
To Affiliated Foreigners 150 154
To All Others 169 174

Eastern Europe:

Total Receipts 20 22
From Affiliated Foreigners - -
From All Others 20 22

Total Payments 1 1.
To Affiliated Foreigners - -
To All Others 1 1

Canada:

Total Receipts 673 711
From Affiliated Foreigners 633 668
From All Others 40 43

Total Payments 142 131
To Affiliated Foreigners 135 124

To All Others 7 7
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Table 1 (cont'd)

1976 1977 2/

Latin American Republics and Other Western Hemisphere:

Total Receipts 360 399
From Affiliated Foreigners 299 331
From All Others 61 68

Total Payments 31 9
To Affiliated Foreigners 26 4
To All Others 5 5

Japan:

Total Receipts 498 540
From Affiliated Foreigners 257 283
From All Others 241 257

Total Payments =24 ~26
To Affiliated Foreigners -36 -38

To All Others 12 12

Australia, New Zealand, and South Africa:

Total Receipts 248 255
From Affiliated Foreigners 202 206
From All Others 46 49

Total Payments . 0 -1
To Affiliated Foreigners -1 -2
To All Others 1 -1

Other Countries in Asia and Africa:

Total Receipts 434 400
From Affiliated Foreigners 381 342
From All Others 53 58.

Total Payments 1

To Affiliated Foreigners
To All Others -

—
- 0o

1/ Represents U.S. receipts and payments for the use of intangible property
or rights, such as patents, techniques, processes, formulas, designs,
trademarks, copyrights, franchises, manufacturing rights, service charges, and
film and tape rentals.

2/ Provisional estimates.

Sources Survey of Current Business, March 1977 and March 1978.
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C. The Economic Impact of Technology Transfers

Overview.--Assuming that problems of definition and measurement of
technology and its international flows can be resolved, then the question of
interest becomes one of ascertaining the impacts of technology transfers on
the U.S. economy. These impacts result from price and income changes which
occur in the economy of the recipient country. 1/ Presently, the effects of
these changes in the recipiemt country generate much interest in terms of the
structural changes in the country's economy and the changes in the volume and
composition of the country's international trade flows. Likewise, the
repercussions of U.S. technology transfers abroad could be reflected in
structural changes in the U.S. economy as well as in changes in U.S. trade
flows. '

Although the range of effects can be described on a theoretical basis, it
is another problem entirely to measure such effects. First, current data
collection does not measure technology transfer as such. Hewever, even if
improvements were made in measuring transfers, there still remains the problem
of deciphering their effects on the U.S, economy and on U.S. trade. For
example, we do not know the time required to lapse before the varied effects
are reflected or embodied in U.S. output, employment, or trade statistics. It
is difficult, if not impossible, to identify the range and magnitude of
effects that may be associated with one technology transfer transaction. The
required analysis cannot be accomplished simply by drawing on improved trade
or investment data.

1/ The introduction of a technological change in the host country should
first manifest itself by expanding the production capabilities of the affected
industry, causing changes in factor prices and product prices. If sufficient
data are available, then several hypotheses concerning technological change
should be empirically testable. For example, the relationship between factor
savings and trade could be explored. If the technology can be determined to
be capital saving or labor saving and the relative factor scarcity in the host
country ascertained, then one could hypothesize what trade effects and income
effects should occur and then empirically test this hypothesis. Suppose that
the technological change makes a piece of capital equipment more productive
(i.e., it is capital saving) and that capital is the relatively scarce factor
in the country. Theoretically, products intensively using the relatively
scarce factor face considerable import competition. Hence, a technological
change favoring capital should make the capital-intensive product more
competitive with imports, and thus it would be considered as import
substituting.

Lf the technological change affected products which are labor intensive,
then it would be considered as export stimulating in this pzrticular country.
Thus, the nature of the technological change should affect the trade pattern
of the host country.

Additional effects of the transfer of technology on the host country
should also be investigated. Secondary effects may be quite important., For
example, a product produced by a new technological procedure may require
imports of a particular input not previously used. There are likely to be
income-generating effects of the technological transfer, effects which in turn
may lead to a change in demand for imports. Price effects may be important,
for they may result in change in the demand for substitutes. Thus, a complete
analysis of the impact of the technology change on the host country would

encompass a number of price and income effect and how these affect the
country's pattern of trade.
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General Effects.—-The trade flows affect U.S. trade and production
patterns, and consequently they should have price and income effects in those
industries affected by these changes. For example, technology transferred by
the United States to Mexico should have a price (and production) effect in the
industry affected by the technological change. The products thus affected by
this change should then be available to both the United States and Mexico,
probably reflecting price adjustments. 1/ Price changes in the host country's
trading goods should then lead to price and volume changes in U.S. exports and
imports competing with the host country's products affected by the technology
transfer. 2/ A framework for analyzing the impact of these changes in the
United States needs to focus, at a minimum, on the effects on U.S. trade
patterns and the degree to which such effects are the result of technology
transfer.

Net Income Effects.--In addition to the impact on the United States
resulting from production and price effects abroad, there are also income
effects which should be considered. Presumably, the technology transfer
generates additional income in the host country, in terms of possible
increased profitability in the short run, increases in employment of domestic
resources, and the potential for expanded markets domestically and
internationally. This additional income due to the technology transfer will
be offset to some extent by payments made to the United States as the seller
of the technology. Hence, there will be a net income effect in the host
country which is likely to manifest itself in terms of a demand change for
imports, which may lead to a change in U.S. (and other country) exports.

Some of the reverse income effects should occur in the United States,
where possible income losses due to decreased sales and employment will be
balanced by receipts from the technology transfer. U.S, demand for imports is
likely to change to the extent that income is altered.

Another income effect could result from changes in the exchange rates and
in U.S. terms of trade which could be caused by the technology transfer.
Findlay and Grubert have shown that a technological innovation in a country
theoretically may reduce that country's income by changing its terms of trade,
even if the technology is not transferred. 3/

Income Distribution Effects.--Although these price and income effects are
probably the most easily quantifiable, there exist other aspects of technology
transfer which may be of considerable importance. For example, the net income
effects, whether positive or negative, in the host and in the U.S. economies
are likely to have distributional impacts that are important. In the U.S.
economy, those sectors that were the sellers of technology are likely to see
their incomes increased, while those sectors that are adversely affected by
the new foreign competition resulting from the technology transfer are likely
to find their incomes falling. Theoretically, if there has been a net
positive income change for the economy as a whole, those sectors that
experienced income increases can compensate those sectors that experienced
income losses until every sector is at least as well off as before the

1/ This is particularly likely if the technology change affects the process
used in the production of the products.

2/ It should be remembered that both competing products and inputs are
affected owing to changing demand for products (or processes).

3/ Ronald Findlay and H. Grubert, "Factor Intensities, Technological
Progress, and the Terms of Trade," Oxford Economic Papers, February 1959,
pp. l11-121.
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technology transfer occurred. However, an efficient income-transfer mechanism
is required to assure this result. 1/

Employment Considerations.--The net income and income distribution effects
will have their parallel in impacts on employment as a result of the
technology transfers. The direction of the employment changes will be the
same as that of the net income effect (leaving aside for the moment possible
distribution effects). With all other influences remaining constant, a
negative income effect results in decreases in total employment, and the
reverse occurs for a positive income effect. However, distributional effects
may occur which can reinforce or offset the net income effects. Labor will be
affected to the extent that the relative labor-intensity of industries
affected by the technology transfer differs from other industries in the U.S.
economy. 2/ For example, suppose a particular technology change benefits an
industry which is not as labor-intensive as the remaining industries in the
U.S. economy. In this case, the distribution effect would be in favor of
factors of production other than labor.

It should be noted that there also exists for labor an additional effect,
regardless of the impact of net income and distributional effects. Any change
induced by technology transfers which affects industry production patterns
probably leads to labor market adjustments, which are associated with some
costs. Adjustment costs for labor arise because of the impact of negative
income effects and because of any distributional effects. That adjustment
costs always arise in the latter case is due to the lack of complete
geographical mobility in labor markets and to the lack of complete
substitutability of labor skills among industries.

Other Considerations.-- In addition, if a transfer of technology from the
United States does not occur, there may be a loss of income to the seller, but
this does not necessarily imply that the country desiring the technology does
not obtain a competitive technology elsewhere, or develop a domestic
alternative. Hence, the net long-run effect if the United State does not
transfer the technology may be a loss of income to the United States, although
the short-term effect may be just the opposite, particularly if U.S. firms do
not have a monopoly on the technology. Another relationship is that of the
effects of technology transfer abroad via trade, foreign direct investment,
and licensing on technological innovation. As Stobaugh has pointed out:

A plausible hypothesis is that the possiblility of a firm's
exporting, making foreign investments, or selling licenses would
induce it to engage in certain R&D programs that would not be
economical if the U.S. market were thé only one considered; thus,
U.S. technological innovation would be increased and in turn U.S.
economic growth would increase. 3/

1/ Such a mechanism would also require that those factors of production
+ adversely affected be compensated by those which benefited from the technology
transfer. Shifts in sector demand are likely to cause shifts in factor
demands. See the letter of concurrence from the U.S. Department of Labor.
2/ The distributional effect abstracts from net income effects (i.e., it
Assumes incomes do not change).

3/ See Robert B. Stobaugh, "A Summary and Assessment of Research Findings on
U.S. International Transactions Involving Technology Tranmsfers,” The Effects
of International Technology Transfers on U.S. Economy: Papers and Proceedings
of a Colloquium, National Science Foundation, Washingtonm, D.C., July 1974.




344

23

This hypothesis suggests that international technology transfer, by
enlarging the market for products incorporating technological change, may
stimulate additional R&D outlays.

However, in some cases technology transfer may lead to reduced innovative
activity in the technology exporting country, especially if these transfers
contribute to important declines in output of a given product line., For
example, the United States has transferred technology abroad in a wide range
of consumer electronic products, including transistor radios, home hi-fi
amplification equipment, color television, and home tape recorders. These
transfers may have contributed to increased import competition and decreased
domestic output of these products, as well as increased innovative activity in
these industries abroad. Such evidence as the home videotape recorder
innovations being made abroad have led some to conclude that reductions in
domestic output may have caused reductions in domestic innovations by causing
reduced R&D.1/

Thus, technology transfer abroad should be viewed as a dynamic process
which may affect the U.S. economy in different ways, and an analysis which
views only a particular aspect of its impact can at best only give a partial
and incomplete view of the consequences for the U.S. economy.

D. U.S. Trade Focus: A Range of Possible Effects

Technology-Gap Effect.--The transfer of technology resulting in the new
foreign production of a specific product or product line is usually assumed to
displace at least some potential foreign demand for imports of that product.
By filling a "technology gap," the transferor is believed to erode the
originating country's comparative advantage. The operation of this effect,
however, as empirically determined by Adler and Hufbauer, 2/ depends on
whether the transfer augments foreign production or merely replaces earlier
production. In the former and more likely case, the transfer may serve to
displace exports from the country of the transferor, but in the latter case
there would be no export displacement. Accurate and comparable data about
various aspects of production and trade of both the transferring and recipient
countries (see following subsection) would be required for analysis. In
addition, any realistic assessment of the technology-gap effect would also

1/ See, for example, the testimony by Dr. Jack Baranson before the Senate
Subcommittees on Science, Technology, and Space and International Finance
concerning the competitiveness of U.S. high technology products on May 16,
1978. Dr. Baranson cited the retrenchment of domestic companies in the
industry.

2/ F. Michael Adler and Gary D. Hufbauer, Overseas Manufacturing Investment
and the Balance of Payments, U.S. Treasury Department, Tax Policy Research
Study No. 1, 1968.
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depend upon related factors such as the operation of tariff and nontariff
barriers on imports, the possibility of alternative sourcing of the
technology, and the possibility of imitating the technology without license.

Associated-Export Effect.--As associated-export effect occurs when the
transferring firm uses the marketing organization of the recipient firm to
expand its export sales of a range of goods, both related and unrelated to the
technology transfer. Such export sales would be additional to any sales of
components or parts that may be supplied under the technology-transfer
arrangement. This effect would probably have its greatest importance when
direct investment occurs.

Supply-Growth Effect.--Technology transfers may affect supply conditions
in the affected industry and may also stimulate growth of production in the
recipient country and lead to increased competition for the transferor. Such
increased competition may have a net negative effect on the trade balance of
the transferring country, particularly after the technology transferred
becomes more standardized.

Demand-Growth Effect.--The demand-growth effect may occur when technology
transfers stimulate economic growth in the recipient country. Not only can
the volume of aggregate trade be expanded in the process, but also the pattern
of demand may be altered to one more like that of the transferring country or
other advanced industrial countries. If the demand-growth effect occurs,
exports of the transferring country's products should increase, at least in
the short run until new products or processes became more standardized and
widely established in the recipient country.

Inter-Industry Effects.——These effects occur when industries change their
demand for factor inputs as a result of technology transfers. These changes
in demand for factor inputs may result in production and price changes in the
factor-supplying industries. Conversely, the technology-affected industries
may be factor suppliers to other industries, in which case the latter are
affected by changes in the prices of their inputs.
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E. An Approach Used to Analyze the Effects of Technology Transfers
on U.S5. Trade, Production, and Employment

The purpose of this section is to provide a brief and fairly nontechnical
discussion of the methodological problems encountered in estimating the impact
of international technology transfers on U.S. trade, production, and employ-
ment., It presents a general framework for the analysis of the impact of
technology transfers on trade of individual industries, and how this may
affect the economy as a whole.

The Framework.--An approach to estimating the direct impact of technology
transfer on U.S. trade would be to measure the effect of the transfer on
foreign production capabilities and the price and quality of the foreign
product, and to then estimate the effects of these changes in foreign supply
on U.S, trade. This would be a major undertaking and would necessitate a
fairly large general frame of reference, or model.

For example, consider a product for which U.S. producers have a
technological advantage in production and which they export. The transfer of
technology abroad may create competitive foreign producers which would supply
part of the market for the U.S.-produced good. To estimate the impact of the
technology transfer on U.S. exports, the impact of the transfer on the price
and quality of the foreign good would have to be determined. Then, the impact
of these changes in foreign competition on the demand for U.S. exports would
need to be determined. Theoretically, the levels of U.S. exports of the good
involved could be estimated on the basis of no technology transferred and
compared with actual exports. However, accurate assessment should include
consideration of whatever changes occurred in other factors that influence the
supply or demand for U.S. exports of the product. All of these steps are
necessary to determine the specific impact of the technology transfer. This
procedure does not account for important side effects of technology transfer
which need to be estimated to determine the total impact on U.S. trade, such
as the associated export, demand-growth and innovation-stimulus effects. 1/

Another consideration is that in setting up a new production facility in a
host country, technology from several different foreign sources may well be
employed. These multicountry sourcings of technology may occur either when a
production facility is being established in a host country by a multinational
corporation or when a host country purchases the technology through licensing
arrangements. 2/ In either case the problem of attempting to assess the role
of any U.S. technology in the production facility would be greatly compounded.

1/ A list of these side effects and an explanation as to how they arise is
given by Tom Horst in "The Impact of U.S. Investment Abroad on U.S. Foreign
Trade," The Brookings Institution, January 1974 (mimeo).

2/ In establishing its new assembly plant in South Africa, Ford Motor Co.
brought in engineers and technicians from five different foreign countries,
including the United States. See Jack N. Behrman and Harvey W. Wallender,
Transfers of Manufacturing Technology Within Multinational Enterprises,
Cambridge, Mass., 1976, p. 54. The Soviet Union obtained technology from at
least five different countries, including the United States, for its Kama
factory. See Herbert S. Levine, et al., Transfer of U.S. Technology to the
Soviet Union: Impact on U.S. Commercial Interests, Stanford Research
Institute, Febuary 1976, prepared for the U.S. Department of State, pp. 154-5
and p. 191.
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Data Shortcomings.--As indicated, the analytical framework discussed above
would require a great deal of data, much of which is not readily available.
Measurement of the actual amount of technology being transferred from the
United States to other countries is the first information required, and this
information would be needed by product sector classification and by the type
of transfer. Second, the specification of certain demand and supply
relationships would be necessary. To estimate the supply functions of the
foreign industries that are the recipients of the U.S. technology, data on
foreign production and prices, as well as factor costs, would be a
prerequisite. At present, these data exist on a product~sector basis in many
industrialized countries, but are not, in general, directly comparable with
U.S. production, price, and trade data. Third, secondary effects in the host
country might be estimated if input-output relationships were calculated for
the country. Fourth, to ascertain trade effects, domestic and international
demand functions would have to be constructed, and these functions would
require, at a minimum, domestic and international price data as well as real
income levels. Fifth, the effects of changes in trade on U.S. consumption of
the imports, and production of the substitutes for these imports, would
involve specification of domestic demand and supply functions, which have
already been constructed for several industries.

In summary, the major data problem, aside from measuring the flow of
technology, appears to be in obtaining reliable price and factor costs for
foreign countries which are on a disaggregated basis and which are comparable
among countries. As might be imagined, to undertake to collect such a large
amount of data, much of which probably does not exist, would be an enormous
task.

The Problem of Alternative Hypotheses.--The determination of the impact of
a technology transfer on foreign production capabilities raises the question
of what might have occurred in the absence of the transfer. This alternate
state of affairs cannot be observed, it can only be hypothesized, which is
perhaps the most important reason why estimates of the effects of foreign
direct investment and technology transfer on the U.S. economy are subject to
large error and much dispute. Questions about the alternate state of affairs
that must be answered include: In the absence of the transfer, is there an
alternative source of the technology available for the prospective host
country? If the transfer were prevented, how long would it take the
prospective host country to develop the technology independently? 1/ One
means of assessing what might have occurred without the technology transfer
would be an estimation of the amount of time saved by filling the technology
gap. 2/ Robert Stobaugh assumed arbitrarily that the production advantages

1/ For example, consider the licensing arrangement concluded between Piper
Aircraft and a Brazilian firm to manufacture civilian passenger aircraft. In
the absence of the Piper Aircraft contract, the Brazilian firm may have
obtained a similar contract from European sources. Although the Piper
contract may have displaced exports of some U.S.-manufactured Piper aircraft,
some exports may have been lost anyway if a foreign firm obtained the
contract. A description of this technology transfer and the alternatives for
Brazil is given by Jack Baranson, "International Transfers of Industrial
Technology by U.S. Firms and Their Implications for the U.S. Economy,"
prepared for the Bureau of International Labor Affairs, December 1976.

2/ Examples showing how these time considerations are used in determining
the impacts of technology transfers on foreign production capabilities are
given by G. R. Hall and R. E. Johnson, "Transfer of United States Aerospace
Technology to Japan," The Technology Factor in International Trade, edited by
Raymond Vernom, pp. 305 and 358, and Alvin Harmond, The International Computer

Industry, Cambridge, Mass., 1971, pp. 39-44.
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provided by a particular technological advantage faded and were completely
gone within 6 years. This assumption substantially influenced the results of
his study. 1/

Estimating Employment Effects from Production Effects,--Estimates of the
effects on employment would be very difficult to determine even if good
estimates of the effects on production were available. For example, suppose a
particular technology transfer decreases production in one industry. The
decreased demand for labor will probably result in some decrease in employment
and some decrease in wages. The tendency for employment to decrease, compared
with the tendency for wages to decrease, will depend on the nature of the
particular industry's demand for labor and on the conditions of labor supply
for the particular occupations involved. Any employment changes in the
particular industry under consideration would be accompanied by changes in
other industries. These could be estimated using input-output analysis. If
production increases should occur, then the reverse effects would be expected.

Exchange Rates.--It should be recognized here that the above discussion of
the impact of technology transfer on trade has assumed fixed exchange rates.
Theoretically, if U.S. technology transfers in an industry tend to affect
adversely the competitive position of that industry and cause the industry's
trade balance to deteriorate, then there should be a market devaluation of the
U.S. currency. One should note that even a significant deterioration in the
trade balance in a particular industry would have only a negligible effect on
the exchange rate since exchange rates are influenced by the entirety of U.S.
trade and capital flows as well as by economic and political forces acting
throughout the world. Furthermore, any minimal devaluation of the dollar that
does occur because of a deterioration in the competitive position of an
industry would have a similarly minimal compensating effect on that industry's
competitive position in world markets. The effects of the minimal devaluation
will be spread throughout the economy. Factors of production in other sectors
of the economy (particularly the export industries and import-competing
industries) will realize marginal income gains that tend to offset the income
losses experienced by factors of production in the industry that lost its
competitive position because of technology transfers. 2/ It should be
emphasized, however, that these exchange-rate effects are so negligible that
for the purposes of analyzing the effects of technology transfer on a
particular industry, the assumption of fixed exchange rates easily can be
maintained. Whether or not this same assumption can be maintained when
analyzing the totality of U.S. technology transfers is, presumably, the
essence of the concern about these transfers.

1/ Robert B. Stobaugh, "How Investment Abroad Creates Jobs at Home,'"
Harvard Business Review, Sept.-Oct. 1972, pp. 118-126.

2/ One way in which technology transfers may have an impact is by the
positive balance of fee and royalty payments having an effect on exchange
rates, which in turn could have an effect on the trade account.
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F. Summary

Any review of policy towards technology transfer should recognize that the
effects on U.S, trade, production, and employment may vary greatly by
industry. Since various specific transfers may have very different effects,
they should probably be evaluated on an industry basis. However, even on an
industry level, there is serious question whether the economic effects of
technology transfer can be extracted from existing or even improved data on
U.S. trade, licensing, and investments., First, there is no consensus on what
is meant by technology, the technology-transfer process, or advanced-
technology industries. Second, existing data-gathering efforts do not focus
on measuring the value, volume, or direction of U.S. technology transfers
abroad. Hence, it becomes extremely difficult to identify what loosely may be
termed as the technolugy component of U.S. transactions in international
trade, investment, and licemnsing. Third, the effects of U.S. technology
transfers on the U.S. economy would be difficult to trace through trade or
investment data since the time lag of the effects on U.S. production,
employment, or trade figures is not known. Finally, the question of isolating
the production, employment, and trade effects associated with any particular
technology transfer remains unresolved.

28-558 O - 78 - 23
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III. THE TRADE COMPETITIVENESS OF HIGH-TECHNOLOGY INDUSTRIES

The previous chapter has outlined the many methodological and data
problems that would be involved in any attempt to measure the economic impact
of technology transfers. There have been few studies that have addressed the
question of the importance of this impact. The studies that have been done
were limited in scope, often concentrating on one firm or a single industry,
and they largely concluded with qualitative answers using evidence that might
be described as speculative. Given the paucity of economic evidence linking
technology transfer and export competitiveness, one might ask why there is
such concern that the transfers are detrimental to the U.S. economy. One
reason might be that several economic studies have shown indications of a
relationship between high technology levels and export competitiveness. If
these studies reflect reality and if U.S. technology is being exported at a
faster rate than it is being developed or imported (an important, unanswered
question), then it may not be such a great leap to infer that the transfers
are gradually eroding the competitive position of the United States. The
present chapter will discuss some of the studies that indicate a linkage
between technology and trade competitiveness.

A. Competitiveness

Before examining attempts that have been made to relate technology to
trade competitivenes, a few comments on the interpretation of the term "trade
competitiveness” are in order. The popular meaning of the term is often a
reference to the trade balance of a nation. The connotation is that competi-
tiveness requires positive trade balances, an idea not unlike that of 18th
century mercantilists. Comments on the transformation of the U.S. trade
position from one of a net positive to a net negative position are often
accompanied by statements that the United States has "lost its competitive
edge" or is '"no longer competitive in world markets."

In discussions of trade competitiveness, various measures of trade balance
have been used as indicators of trade performance. 1/ These reflect concerns
about the relative trade performance of different industries within a country
or the relative trade performance of the same industry among countries rather
than about aggregate trade balance figures. The study of trade competitive-
ness involves the examination and testing of various factors that, theoreti-
cally, explain the structure of a country's trade. In addition to labor,
capital, and raw material endowments, other considerations are involved in
explaining the volume, value, and direction of trade. These include such
variables as tariff barriers, physical barriers (e.g., distance), institu-
tional arrangements (e.g., common market schemes), labor skills, and
technology.

1/ Besides the simple trade balance (i.e., exports minus imports), other
indicators of trade performance (e.g., competiveness) that are used in testing
trade theories include export trade shares, the ratio of exports to imports,
the import/consumption ratio, and the export/production ratio.
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B. Representative Studies

A few studies have been reviewed here for what they have to say regarding
the role of technology as an important determinant of the structure of trade
flows. 1/ 1In a 1971 article, Robert Baldwin reviewed several studies of the
determinants of the U.S. trade structure and tested theories of these
determinants using new data. 2/ Baldwin looked at several possible
explanatory variables to find the relationship between them and net trade
flows (i.e., exports minus imports). What he found with regard to R&D
activities was that they were "much more important in export output than in
import-competing production." 3/ In general, he concluded that simple trade
theories that rely on only one or two explamatory factors (e.g., labor and
capital per worker) should be discarded in favor of more complex models that
account for such factors as labor skills and technological differences. 4/

Thomas C., Lowinger focused on the importance of the technology factor in
U.S. export performance. 5/ Lowinger tested several factors to find what
their relationship was to (1) U.S. industrial export shares in world markets,
and (2) the changes in U.S. industries' relative export shares between 1960-62
and 1968~70. Lowinger found that "the technological intensity variable in its
various forms turns out to be the single most potent explanatory variable of
U.S. industries' revealed comparative advangage." 6/ Lowinger's choice of
explanatory variables, other than measures of technology intensiveness, was
not as large as other studies. He included the ratio of wages and salaries to
industries' valued added, a measure of economics of scale, and an export—
weighted measure of average foreign tariff rates on the industries’' product.

Another study with a slightly different approach and different conclusions
was reported by Katrak. 7/ 1In this study, Katrak related the relative
performance of U.S. industry exports and U.K. industry exports in world
markets to variables that measured relative human skill intensities, industry
size, and R&D expenditures of the industries in the two countries. Katrak
tested these variables using rank correlation analysis and multiple regression
analysis. The R&D factor did not show a strong relationship to the export
measures in either test. The human skills factor fared slightly better in the
analysis and the industry size variable performed best of all.

1/ For a comprehensive review of economic studies of trade theories see G.
C. Hufbauer, "The Impact of National Characteristics and Technology on the
Commodity Composition of Trade in Manufactured Goods," The Technological
Factor in International Trade, edited by Raymond Vernon, National Bureau of
Economic Research, New York, 1970; or, more recently, Robert M. Stern,
"Testing Trade Theories," International Trade and Finance: Frontiers of
Research, edited by Peter B. Kenen, New York, 1975.

27 Robert E. Baldwin, "Determinants of the Commodity Structure of U.S.
Trade," American Economic Review, vol. 61, No. 1, March 1971, pp. 126-146.

3/ Baldwin, op.cit. p. 136.

4/ Baldwin, op.cit. p. 143.

5/ Thomas C. Lowinger, "The Technology Factor and the Export Performance of
U.6. Manufacturing Industries," Economic Inquiry, vol. 13, No. 2, June 1975,
pp. 221~236,

6/ Lowinger, op. cit. p. 229.

Z/ Homi Katrak, "Human Skills, R&D and Scale Economies in the Exports of the
United Kingdom and the United States,” Oxford Economic Papers (New Series),
vol. 25, No. 3, November 1973, pp. 337-~360.
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The more recent studies to be considered here are: (1) Multivariate
Analysis of Industry Characteristics and Trade Performance in the United
States, and (2) The Impact of Technological Innovation on International Trade
Patterns. 1/ Both studies focus on examining the relationship between
industry/product characteristics and trade competitiveness.

The methodology suggested in the multivariate analysis to investigate the
international trade competitiveness of U.S. industries involves three steps:
(1) Grouping of industries into categories based on certain level of
competitive strength in international trade, (2) searching for characteristics
that best discriminate among industries in terms of indicating their trade
performance, and (3) relating the identified characteristics of the industries
with trade competitiveness of U,S. industries. First, U.S. industries, based
upon the values of their trade measures for the study year 1970, were grouped
according to cluster analysis procedures. Two trade measures, export shares
and trade balances, were chosen for industry classification to reflect the
comparative advantage of U.S. industries. 2/ Ranges for the export shares and
trade balances were selected to differentiate industry groupings by
competitive performance. Four industry classifications resulted: (1) Highly
export competitive, (2) somewhat export competitive, (3) somewhat import
sensitive, and (4) highly import sensitive.

To ascertain which industry characteristics (e.g., R&D expenditures, the
first date of trade, the number of scientists and engineers employed, and
natural resource intensity) most effectively discriminated among the four
groups of trade-competitive industries, discriminant analysis was used in the
study. On the basis of the results of the discriminant analysis, the study
developed a group ranking of all industries in terms of their
competitiveness., Those industries identified as belonging to the highly
export competitive group are listed in table 2.

The discriminant analysis is not useful in indicating causality. However,
regression analysis was used to determine the significance of possible
explanatory variables (i.e., the industry characteristics) in determining the
trade competitiveness of U.S. industries. A major conclusion of the
regression analysis was that the number of scientists and engineers engaged in

R&D was associated with significant variations in terms of trade
competitiveness.

1/ The former study, prepared by Wayne Simon, was published as Staff
Research Study No. 8, Office of Economic Research, U.S. International Trade
Commission, Washington, D.C., October 1976. The latter, prepared by Regina
Kelly, was published as Staff Economic Report OER/ER-24, Office of Economic
Research, Bureau of International Policy and Research, U.S. Department of
Commerce, Washington, D.C. December 1977.

2/ Export shares related U.S. exports by TCSIC trade classification to
exports of other countries. Weighted trade balance refers to an industry's
trade balance divided by that industry's total trade.

For the concordance of TCSIC to trade and production classifications,
refer to U.S. Tariff Commission, "Industry Characteristics Data--Definition
and Derivation of Variables in Data Bank," (based on &-digit ITC-SIC
concordance), 1975 (mimeo).
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Table 2.--Ranking of U.S. industries in terms of

competitiveness groups

Highly Export Competitive Group

TCSIC No.

2034
2041

2042
2043
2044
2091
2094
2111
2411

2445
2631
2812
2818

2831
2851
2861
2893
2895
2899
3031
3255

3296
3494
3531
3533
3561
3573

3581
3585
3623
3672
3674
3721
3722
3729

3811

3841
3843
3951
3993

Source:

Industry/Trade Description

Dehydrated fruits & vegetables

Flour & other grain mill products blended & prepared
flour

Prepared feeds for animals & fowls

Cereal preparations

Rice milling

Cottonseed oil mills

Animal & marine fats & oils

Cigarettes

Logging camps & logging contractors

Wood preserving

Cooperage

Paperboard mills

Alkalies & chlorine

Industrial organic chemicals, nec

Agricultural chemicals, nec

Biological products

Paints & allied products

Gum & wood chemicals

Printing ink

Carbon black

Chemical preparations, nec

Reclaimed rubber

Clay refractories

Nonclay refractories

Mineral wool _

Valves & pipe fittings, except plumbers' brass goods

Construction machinery

0il field machinery

Pumps & compressors

Electronic computing equipment

Calculationg & accounting machines, except above
office machines, nec

Automatic merchandising machines

Refrigeration machinery

Welding apparatus

Cathode ray picture tubes

Semiconductors

Aircraft

Aircraft engines & engine parts

Aircraft propellers & parts

Aircraft parts & equipment, nec

Engineering & scientific instruments

Mechanical measuring devices

Automatic temperature controls

Surgical & medical instruments

Dental equipment & supplies

Pens & mechanical pencils

Signs & advertising displays

Office of Economic Research, U.S. International Trade Commission,

Multivariate Analysis of Industry Characteristics and Trade Performance in the

United States, Staff Research Study No. 8, Washington, D.C., October 1976.
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To provide some insight on the pattern of trade in R&D-intensive goods,
the findings of a recent U.S. Department of Commerce Staff Economic Report are
summarized. 1/ The defined "advanced and industrial technology sectors”
focused on the technical research and development component of technology, but
not on the managerial one. In this respect, the report's findings may not
fully reflect the trade patterns of advanced industrial technology fields.

In 1977, U.S. exports of manufactured goods accounted for approximately 66
percent of total U.S, exports. Approximately 41 percent of manufactured
exports consisted of products with greater-than—average research intensities.
(See table 3 for list of categories.) The above pattern distinguishes the
United States from other industrialized nations whose research-intensive
products typically have accounted for only 25 to 28 percent of manufactures
. exports., The research intensity of U.S. manufactures exports was found to be
nearly 40 percent higher than that of the United Kingdom, 60 percent higher
than France and Germany, and over 75 percent higher than Japan and the
remainder of the OECD countries. 2/ The overall U.S. share of OECD trade in
the designated technology-intensive products was nearly 75 percent higher than
in non-technology-intensive products.

The study emphasizes, however, that factors other than research intensity
or innovativeness have a strong influence on the volume and composition of
U.S. manufactured exports. For example, the study suggests that price
competitiveness, particularly as affected by currency realignments, may have
strongly improved the export competitiveness of U.S. manufactured goods, even
in the category characterized as technology-intensive. During 1968-71, a
period when the dollar was generally considered overvalued, the expansion of
U.S. exports of research-intensive products lagged well behind the OECD
average, and was notably outpaced by Japanese research-intensive exports
(which grew at more than twice the U.S. rate). During 1971-74, however, the
growth rate for U.S. exports of these products slightly exceeded the OECD
average. Indeed, only France outperformed the United States in the export
growth of its research-intensive products.

1/ R. Kelly, op.cit. For another treatment which uses a more aggregative
classification of industries, but includes more exporting countries and
identifies importing partners, see Aho and Carney, op.cit. Their paper also
examines trade over the longer period from 1965 to 1976 in order to identify
changes in trends.

2/ It should be noted that research-intensity ratios derived from U.S.
domestic production were applied to the trade of other countries. The use of
U.S. R&D ratios assumes that the relative R&D position of given products is
similar in different countries and that the mix of goods within each
individual product group is also comparable. R. Kelly, op. cit., p. 16.
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Table 3.--Description of product classes by technology
classification, 1968-70

SIC Code Product Description
Excluded
1925 Guided missiles and spacecraft

Technology-intensive

366~7 Communication equipment and electric components
372 Aircraft and parts

357 Office, computing, and accounting machines

383-7 Optical and medical instruments; photos, watches
283 Drugs and medicines

282 Plastic materials and synthetics

351 Engines and turbines

287 Agricultural chemicals

19 less 1925 Ordnance, except guided missiles

381-2 Professional, scientific, and measuring instruments
362 Electrical industrial apparatus

281 Industrial chemicals

365 Radio and TV receiving equipment

Non-technology-intensive

*352 Farm machinery and equipment
*361 Electric transmission and distribution equipment
*371 Motor vehicles and equipment
*363-4,369 Other electrical equipment and supplies
*353 Construction, mining, and related machinery
*284-6,289 Other chemicals
34 Fabricated metal products.
30 Rubber and plastic products, n.e.c.
*354 Metalworking machinery and equipment
*373-5,379 Other transportation equipment
*355-6,358-9 Other nonelectrical machinery
23-27,31,39 Other manufactures, n.e.c.
32 Stone, clay, and glass products
333-6,3392 Nonferrous metals and products
331-2,3391,3399 Ferrous metals and products
22 Textile mill products

* Denotes product groups with below-average technology intensity which
are generally included in definitions of "technology-intensive pro-
ducts" based on 2-digit SIC analysis.

Source: Office of Economic Research, Bureau of International Policy and
Research, U.S. Department of Commerce, Alternative Measures of
Technology-Intensive Trade, Staff Economic Report OER/ER-17, Washingtom, D.C.,
September 1976.
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Fluctuations in U.S. export growth rates for R&D-intensive goods may be in
part due to structural differences of the U.S. economy and the economies of
other OECD countries. There are differences in the reaction of each country's
economy to recessions and to currency realignments. The United States is nct
as reliant as are most countries on exporting for its economic well~being.

For many OECD countries, however, the continued growth of their national
economies depends to a much greater extent on export expansion. On the firm
level, because the United States has a large domestic market and has
traditionally not been export oriented, U.S. businesses have been relatively
less sensitive to export market considerations (e.g., currency realigments and
international marketing) than have been those of Japan or West Germany.

The importance of R&D-intensive exports as a dependably positive element
in the overall balance of U.S. trade in manufactures is shown in table 4.
These data depict the U.S. trade balance in research-intensive goods as being
positive, thus expressing the importance of R&D-intensive industries in the
case of trade competitiveness. While this implies a need for the United
States to retain its technological edge, such data do little to isolate the
effects of the technology factor.

Table 4.--U.S. trade in manufactures by R&D intensity classification 1/
(in billions of dollars)

1968 1971 1972 1973 1974 1975 1976 1977

R&D Intensive

Manufactures:
Exports 9.6 13.2 14.1 19.0 26.6 28.0 31.2 33.4
Imports 3.9 6.6 8.5 10.6 12.9 12.3 17.0 19.6
Balance +5.7 +6.6 +5.6 +8.4 +13.7 +15.7 +14.2 +13.8
Other Manufactures:
Exports 14.2 17.2 19.6 25.7 37.0 43,1  46.1 47.1
Imports 16.7 23.8 29.3 34.4 42.4 38.8 47.8 57.7
Balance -2.5 =-6.6 -9.7 -8.7 -5.4 +4.3 -1, -10.6
Total Manufactures:
Exports 23.8 30.4 33.7 44.7 63.5 71.0 77.2 80.5
Imports 20.6  30.4 37.8 45.0 55.2 51.1 64.8 77.2
Balance +3.2 0.0 -4.1 -0.3 +8.3 +19.9 +12.4 +3.3

1/ Based on SITC classifications. See Kelly, op.cit., for methodology for
converting SIC to SITC classifications (Technical Appendix).

Source: U.S. Department of Commerce.
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C. Alternative Measures of Technological Competence

Besides measures of R&D expenditures and R&D personnel (the most common
proxy measurement of technology content), there are other indicators of
technological competence that may be useful in inter-country and
inter~industry studies of the role of technology in trade competitiveness.
However, measurements of these alternative proxies generally are not collected
with the degree of disaggregation available in the R&D measurements. In
addition, most of them have other shortcomings that bring into question their
accuracy. For example, patent data might be used as an indicator of the
inventive output of countries. Some problems with these data are, first, they
do not include all innovations, for often companies prefer to keep their
inventions secret and do not patent them, and second, criteria for awarding
patents differ from country to country. Another method to gauge the relative
innovativeness of scientists in different countries is by studying the
contributions made to scholarly publications by each country's scientists.
Here, however, one's sample is apt to be biased by the journals selected and
by the fact that publication policies differ from country to country. The
above two statistics plus such data as the number of Nobel prize winners and
the number of scientists participating in international meetings give some
indication of each country's relative creativeness, but these statistics are
too crude to be used with confidence in quantitative studies of trade and
technology. 1/

Perhaps a more promising approach to relate technical creativeness to
trade competitiveness would be to use IP indexes as the technology proxy.
IP's were discussed above in II. 2/ Although these indexes have the same
problem as R&D indicators when making comparisons across industries, they
should show a closer correlation to trade competitiveness (if the technology
content/competitiveness relationship is real) than R&D indicators since R&D
expenditures measure only resource inputs to technology innovation, wheras IP
indexes show the results of the innovation process. To date, the use of IP
indexes has been miminal., 3/ Collection of the data required to construct IP
indexes is quite laborious and expensive. Carefully constructed surveys as
well as researchers with technical and economic training are required. A
well-constructed series of IP indexes would allow the testing of the
importance of the variable in U.S. trade flows. Before intercountry
comparisons could be made, corresponding IP data from other countries would be
required.

1/ The data mentioned here and other similar data are collected and
published annually by the National Science Board in Science Indicators, 1976,
National Science Foundation, Washington, D.C., 1977,

2/ See page l1.

3/ Besides the Gellman study cited above (see footnote 2, p. ll.), another
use of an IP index has been undertaken by Cohen, Katz, and Beck in their study
of the pharmaceutical industry, Benjamin I. Cohen, Jorge Katz, and William T.
Beck, "Innovation and Foreign Investment Behavior in the U.S. Pharmacentical
Industry,"” National Bureau of Economic Research Working Paper 101, August 1975.
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D. Summar

The inability of traditional theories of comparative advantage to explain
the competitive strength of the United States in many manufactured products
has focused attention on the role of technological innovation in U.S. trade
performance. Some of these studies have found a positive and significant
relationship between the international competitive position of the United
States and the relative technology content of U.S. exports as determined by
R&D indicators. This does not imply, however, that the studies agree on what
U.S. trade trends are in technology-intensive products, nor on the relative
importance of technology to a favorable U.S. trade position.

A comparison of two studies examined in detail here, one by ITC and the
other by the Department of Commerce, highlights the difficulty of defining
technology-intensive trade: differences in qualifying criteria, data sources,
or merely the level of aggregation at which the study is conducted lead to
different characterizations. The most common method of defining
technology-intensive trade rests on the inter-—industry distribution of some
R&D-related activity, such as expenditures or scientists and engineers
employed. As previously stressed, however, these measures are subject to a
number of shortcomings when used as indicators of relative technological
competence. Other frequently cited indicators, such as patent activity, are
also limited in their usefulness. One promising alternative to the R&D
approach is the innovative process (IP) approach.
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IV. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

There are important conceptual and measurement problems encountered in
attempting to determine the effects of technology transfers on U.S. trade,
production, and employment. Problems which have been considered in this
report include how to define and measure technology, technological change,
advanced industrial technology fields, and technology transfers, and how to
determine the effects of technology transfer separately from other economic
factors influencing U.S. trade, production, and employment. These problems
remain unresolved.

In addition to problems of definition and measurement, in order to
determine the impact of a technology transfer, one must ultimately determine
what would have occurred in the absence of these transfers. This alternative
state of affairs cannot be observed, it can only be hypothesized, which is a
very important reason why estimates of the impact of technology transfer are
controversial and subject to large error.

Recent studies have linked the technological sophistication of an
industry, as determined by R&D indicators, with its trade competitiveness.
However, these linkages are still tenuous and have not been integrated into
the larger framework of economic factors that influence trade flows. In
particular, research and development expenditures, the most commonly used
indicator of the technological sophistication of an industry, have not always
been found to be a very reliable predictor of trade competitiveness,

B. Recommendations

In view of the state of art of research on the effects of technology
transfer on U.S. trade, production, and employment, it is difficult even to
make recommendations as to how to improve our knowledge of these effects.
However, the feasibility of correcting some of the severe shortcomings in our
current measures of technology transfer should be investigated. The
Technology Transfer Subcommittee of the Interagency Committee on International
Investment Statistics, currently chaired by the Office of Statistical Policy
and Standards of the Department of Commerce, is in the process of conducting
such an examination. Our own investigation uncovered the following areas for
improvement:
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Data collection on current sales and purchases of technology.
Present fee and royalty data are for receipts and payments for the
stock of all past technology transfers and hence do not tell us the
relative size of current technology inflows and outflows.

Data collection on products involved and the quantity of foreign
production when technology is licensed to a nonaffiliated foreign
recipient. These data would be necessary in order to relate
transfers of technology to nonaffiliated foreigners with the possible
effects on U.S. trade. They may not be collectable because the
United States would have no statutory authority over nonaffiliated
foreigners.

Data collection on transfers of proprietary technology not paid for by
fees or royalties. Examples of such transfers would include
technology sold in exchange for equity in the receiving firms,
technology traded in exchange for other technology, technology
transferred to affiliates with no explicit fee or royalty charges,
and "turnkey' operations.

Collection of a set of qualitative as opposed to quantitative data on
technology transfers. A special survey would be needed. Exports
could be classified as being new products in the recipient country,
as having competition in the recipient country, and, if so, whether
the substitutes are imported from third countries or produced
domestically. If they are produced domestically, it would be
worthwhile to know if they are produced by locally-owned or
foreign-owned firms. Additional data might include questions on
whether or not the process involved in the technology transfer is
already present in the recipient country or if other foreign sources
are available. Data might be collected on the number of
transactions, the host country for each transaction, and the channel
(for example, licensing to a nonaffiliated foreigner, or direct
foreign investment) used to accomplish the transfer. Some
description of the technology, including informatica on how long it
has been available in the United States and how it might differ from
similar technology available abroad would also be useful. The
resulting set of data could then be used to ascertain how different
product groups are transferred to different countries. Research
could be done to investigate the economic and legal influences which
account for such phenomena as why a particular product would be
exported to one country whereas the technology it incorporates is
transferred to a second country via foreign investment and to a third
country via licensing.



361

42-43

ANNOTATED BIBLIOGRAPHY

This bibliography is intended to be used as a source of additional
research published since the release of the National Bureau of Economic
Research's Bibliography on Technology and Trade in 1975. The entries here are
not all-inclusive. Also, the literature discussed in Chapter III of the
report is not repeated here.

Baranson, Jack. International Transfer of Industrial Technology by U.S. Firms
and Their Implications for the U.S. Economy. A Discussion Paper on
International Trade, Foreign Investment, Employment. Washington, D.C.: U.S.
Department of Labor, December 1976.

This reports the results of 25 case studies in 5 different industries
(i.e., 5 case studies were done for each industry). The industries covered
were aircraft, automotive, computers, consumer electronics, and chemical
engineering. As a result of his research the author challenges the idea that
U.S. corporate decisions regarding the sale of industrial technology coincide
with and protect the interests of the U.S. economy. The implications for the
U.S. economy that he sees are:

1) Management service contracts may cause a further erosion of
U.S. production jobs in key industries;

2) These technological displacements could be troublesome:

a) Under adverse domestic economic conditions;

b) In the absence of improvement in labor market adjustment mechanisms;

c) In an economy whose technologically dynamic sectors are not growing
rapidly enough to absorb labor displacement from declining sectors;

3) A permissive posture in the release of front-end technology to foreign
enterprises can lead to damaging consequences for other domestic producers
in that industry;

4) Some evidence that U.S. firms are having more trouble in adjusting to
technical change and are considering marketing their technology rather than
doing the engineering for production

5) Proliferation of technology to Japanese, West European and socialist
economies may be weakening the U.S. bargaining position as a supplier of
technology to newly industrializing countries and in trade negotiations
with these countries; and

6) Technological partnerships with industrial enterprises in developing
countries could be mutually beneficial.
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Behrman, Jack N., and Wallender, Harvey W. Transfers of Manufacturing Tech-
nology Within Multinational Enterprises. Cambridge, Mass.: Ballinger
Publishing Company, 1976.

This book consists of case studies of transfers of manufacturing technology
abroad among members of multinational enterprises (i.e., affiliates wholly-or
predominant ly-owned by the parent). These are studies of Ford's transfers to
South Africa and Taiwan, ITT's transfers to South Africa and Mexico, Pfizer's
transfers to Nigeria and Brazil, and Motorola's transfers to Korea. There
were similarities in these cases in that full technology transfers would have
been unlikely without majority ownership. In each case, technical transfers
were continuous, i.e., they occurred over the life of the association and over
a wide range of activities.

Boretsky, Michael. "Trends in U.S. Technology: A Political Economist's
View." American Scientist, 63, No. 1 (1975), 70-82.

After examining trade surplus data by product groups, the author concludes
that since 1951 technological know-how has been the force behind U.S. trade
successes, but that since 1971 this force has been getting weaker,
contributing strongly to the deterioration in the U.S. trade position.
Boretsky discusses what he perceives as the reasons for the loss of the U.S.
technological advantage. He then illustrates his points with an examination
of the electronics and communications equipment industry.

Cohen, Benjamin I., Katz, Jorge, and Beck, William T. Innovation and Foreign
Investment Behavior of the U.S. Pharmaceutical Industry. Working Paper No.
101. New York: National Bureau of Economic Research, Inc., August 1975.

The authors offer detailed information on innovation and foreign
investment in the pharmaceutical industry. They chose a sample of 22 drug
companies in the United States with sales in excess of $70 million that first
marketed at least four single entity (non-combination) drugs from 1963 to 1972.
The authors analyze the data describing the new drug innovations. Drugs are
assigned categories such as innovative or imitative. Time series analyses and
cross-sectional analyses of the pharmaceutical firms' new sales and number of
innovations were undertaken. It was found that those measures of
innovativeness that were considered indicators of output, such as the ratio of
innovative drug sales to total drug sales, were positively correlated with
each other. They were also positively correlated with measures of the quality
of new drugs, such as R&D expenditures per new drug or sales per new drug
introduced. They were not related to the frequently used measures of
innovativeness used as indicators of input, such as the ratio of R&D
expenditures to sales, and were negatively related to such measures of R&D
efficiency as R&D expenditures per dollar of sales of new drugs.
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Kelly, Regina. Alternative Measurements of Technology-Intensive Trade. Office
of Economic Research Staff Economic Report 17 (OER/ER-17). Washington, D.C.:
U.S. Department of Commerce, September 1976.

The main point of this study is that the U.S. position in
technology-intensive trade (by 3 definitions set forth in the study) generally
stagnated or declined between 1968 and 1972, but since 1972 it has
strengthened. The 3 definitions of technology-intensive trade are (1) DOC-1,
Department of Commerce Number 1, identifies products as technology intensive
if they are output of a "technology-intensive industry"; (2) NSF, a definition
of the National Science Foundation which is similar to DOC-1; (3) DOC-2,
Department of Commerce Number 2, which is product-based definition and is
based on product rather than industry data. The study describes the
differences in the criteria and coverage of the three different classification
systems and notes their limitations. It also examines particular aspects of
the relationship between technology and trade performance.

LaCroix, Robert, and Scheuer, Philippe. "L'Effort de R&D, 1'Innovation et le
Commerce International." Revue Economique, 27, No. 6 (1976), 1008-29.

Using aggregate OECD data, the authors found a significant positive
correlation between relative rates of innovation (estimated as relative levels
of total R&D expenditures) and export competitiveness in 5 out of 9 countries,
including the U.S. They also found that the elasticity of exports to
innovation efforts, i.e., the impact of R&D expenditures on export levels,
does vary from sector to sector.

National Science Foundation. Report of the National Science Board. Science
Indicators 1976. Washington, D.C.: Government Printing Office, 1977.

This publication gives indicators of research, inventions, and innovations
by product by year. Funding agencies, development centers, fields of
research, and government and private research funds through 1976 are
presented. The numbers of scientists, engineers, Nobel prize laureates, and
national expenditures for R&D are listed for the last decade and a half. The
report is also concerned with the measures of some of the impacts and
contributions of research and development.

National Science Foundation. Survey of Science Resources Series (NSF76-322).
Research and Development in Industry 1974. Washington, D.C.: Government
Printing Office, 1976.

This annual publication is a presentation of research and development
funds by varying industries. The data include general characteristics of R&D
funds over time and cross-sectiomally. R&D is specifically stated to be
federal, or company-financed, or industrial. The number of scientists and of
personnel in other research occupations are broken out. Types of research
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such as basic, energy, and pollution abatement, as applied by category
(product field, industry, science, or source) are presented, Data tables show
R&D by company, by SIC code, by geographic distribution, research field
related to employment and net sales, and distribution of R&D funds, by major
types of costs, such as wages, materials, percent of net sales, cost per R&D
scientist, or engineer.

Teece, D.J. '"Technology Transfer by Multinational Firms: The Resource Cost
of Transferring Technological Know-how." Economic Journal, 87, No. 346
(1977), 242-61.

This study focuses on the cost aspect of technology transfers. It used
data on 26 fairly recent international technology transfer projects. In the
sample transfer costs ranged from 2 to 59 perceat of total project costs. For
the sample transfer costs averaged 19 percent of total project costs.

U.S. Department of Agriculture. Economic Research Service. Technology
Assessment: Proceedings of An ERS Workshop, April 20-22, 1976. Washington,
D.C.: U.S. Department of Agriculture, 1977.

This volume consists of the proceedings of an ERS workshop to facilitate
interagency communications on technology assessment. Two methods for a
transfer of technology (TT) study were proposed. One was a suggestion for
measuring attitudes about TT. A "magnitude estimation" technique was
presented: whereby the recipient of a questionnaire would be asked to order a
preferencé among policy alternatives. A second suggestion was the
construction of an input-output analysis showing modification of the cost
structure of an economy or sector of the economy by a technological innovation.

O



